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PREFACE
LBackgmund　of　esse耐ial　oils
　　　　Pure　essential　oils　have　been　sa輌d　to　possess　var輌ous　ef花cts　on　humans　and　other
mammalian　species　when　inhaled，　applied，　or祖gested，　and　have　been　traditionally　used　fblk
medicine　fbr　a　long　time．　In　these　years，　essential　oils　have　attracted　lots　of　attention　as　a
pract輌cal　alternative　treatment　and　many　studies　have　been　conducted．　Some　of　those　e£飴cts，
such　as　the　control　of　emotion　and　mood，（e．g，　sedat輌ve［1－3］，　anxiolytic［4－8］，　ant輌depressallt
［9，　10］，hyprLotic　［6，　11，　12］，　alert［6，　12］），　antispasrno（五c　［13］，　controI　of　the　autonomic
nervous　system　activity［14，15］and　endocrine　system［16，17］，　strength頭ing　of　the　immune
system　by　stimulating　the　production　of　white　blood　cells［18］，　pam　mitigation［16］，
anti－tumor［19］，　increase　in　lipolysis［20］antibacterial　action［21］，　antl－inflammatory　ef琵ct
［22］etc．，　have　been　documellted．
　　　　Among　the　properties　of　pure　essential　oils，　the　emot輌onal　and　behavioral　modulations，
although　there　are　many　anecdotal　or　empirically　speculated　ef日cacious　effectsラare　often
d輌f五四1t　to　examine　and　demonstrate　in　a　scielltifically　controlled　condition．　Furthe㎜ore，　the
mechanisms　of　the　effects　of　each　essential　oil　have　not　yet　been　made　clear　and　seem　to
diflξr　fbr　each　essential　oi1．　On　the　other　hand，　the　efficacy　of　essential　oils　may　differ
considerably　among　malllmalian　species，　as　the　absorption　and　metabolic　capac輌ty　of
chemicals　and　their　mechanism　differ　from　among　mammalian　spec輌es．
2．Hypothesis　of　how　to　essential　oils　penetratio川n　a　body　by　i曲alation　or　application
　　　When　humans　inhale　or　apply　the　essential　oils，　two　routes　are　hypothesized　fbr　the
penetration　of　the　o銀components　into　the　body［23－25］．　At五rst，　the　essent輌al　oil　stlmulates
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the　olfactory　system　chemically，　and　the　signals　are　converted　to　electrical　impulses，　which
are　sent　to　the　ol癒ctory　bulb，　ol⑫ctory　tract，仕onta1畑fb㎜cortex　and　amygdaloid　complex．
Finally，　the］丘agrant　can　affect　on　the　limbic　system，　perfb］㎜ing　various　pharmacological
actions（indirect　eflbct　via　the　olfactory　nαve　pathways）．　Olfaction　is　the　only　perception　that
affbcts　visceromotor　activlty　in　an　effbctive　manner　as　regards　emot沁nal　behavior，　i．e。，　the
a磁onomic　nervous　system，斑docr輌ne　system，　and　immune　system［26］．　The　second　route　is
absoq）tion　of　molecules　into　the　bloodstream　through　the　lungs　via　respiratlon，　and／or　through
skin　by　apPlication　hnmediately　（direct　e飽ct　via　the　blood　to　the　brain）　［24］．　Some
components　of　the　essential　oil　may　be　carried　via　the　bloodstream　to　the　braln　through　the
blood－brain　barrier　and　infiltrated　into　respective　constitutional　tissues　or　organs，　and　then
might　per品㎜multiple血nctions　physlcally，　emotlonally，　and　mentally［24，25］．　Since　the
components　of　the　ess斑tial　oil　are　soluble輌n　Hpids，　they　are　qulckly　distrib磁ed　and
metabol輌zed　in　each　structure．　In　the　liver，　they　are　easily　polarized，　converted　into
water－soluble　substances，　and　eliminated　by　urination　or　defecation［27－29］．
　　　When　laboratory　animals，　i．e．，　rats　and　mice　and　dogs　are　exposed　or　applied　to　the
essential　oil，　the　oils　are　presumed　to　act　the　same　way　as　humans　do．
3」）ifference　in　the　efncacies　of　essential　oils　am岨g　animal　species
　　　On　the　other　hand，　the　absorption　and　metabolic　capaci旬of　chemlcals　in　essential　oils　and
their　mechanlsm　differ　among　animal　species，工e．，　humans，　mice，　and　dogs．　In　particular，
since　the　abilities　of　chem輌cal　detox云fication　in　the　do9’s　liver　are　dif允rent　f㌃om　those　in
humans，　since　some　chem輌ca夏s　inllocuous　to　humans　m輌ght　cause　a　severe　side　effect　in　dogs．
For　example，　xylitol，　which　is　almost　hamユless　to　humans，　causes　hypoglycemia　and　hepatic
血ilure　in　dogs　after輌ngestion［30，31］．　The　amount　of　theobrom輌ne　fbund　in　chocolate　is
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small　enough　that　chocolate　can　be　safely　consumed　by　humans　in　large　quantities，　but　dogs
that　metabollze　theobromlne　more　slowly　can　easily　consume　enough　chocolate　to　cause
chocolate　poisonlng．　The　first　signs　of　theobromine　poisonillg　are　nausea，　vomiting，　diarrhea，
and　lncreased　urlnation．　These　can　progress　to　cardiac　alThythmias，　epileptic　selzures，　intemal
bleeding，　heart　attacks，　and　eventually　death［32］．
　　　As　a　consequence，　we　believe　that　the　e茄icacy　of　essential　oils　may　diffbr　considerably
among　humans，　mice，　and　dogs，　certain　essentlal　oils　may　actually　cause　opposite　properties
丘）rbetween　dogs　and　humans．　Nonetheless，　there　are　slim　and　none　about　the　data　to　directly
detemユine　how　to　clinical　use　of　essential　oihn　dogs（dose，　administration　time，　precautions，
toxicity　and　safbty，　the　result　of　skin　sensitization　tests，　etc．）．　Therefbre，　most　of　veterinarians
have　used　essential　oil　extrapolating　the　data　that　verified　the　safety　and　effects輌n　humans　as
it　is　now，　it　must　be　dangerous．
4．Socially　isolated　mouse　model
　　　　Social　isolation　illduces　a　complex　set　of　neurobehavioral　abno㎜alities　ill　prlmates［33］，
in　rats［34］or　mice［35］．　The　behavioral　alteratioll　is　particularly　conspicuous　withln　social
contexts　involving　an　unfamiliar　conspecific［36，37］．　The　isolation－induced　alteratlon　on　the
behavioral　and　physiologlcal　responses　in　laboratory　animals　have　been　studied，　and　already
the　usefUlness　of　socially　isolated（SI）mouse　as　a　pathological　model　fbr　emotional　disorders，
schizophrenia　and　incontinent輌a輌ncluding　Phenotypes　of　allx輌ety，　depression，　and　aggression
has　been　established．　Fu仕he㎜ore，　the　exaggeratloll　of　the　responses　to　a　novel　stlmulus　or　to
stimuli　predict輌ve　of　danger　and　locomotor　hyperactivity［38，39］has　been　reported　on　the　SI
mice．　It　is　well㎞own　that　the　mouse　brain　is　not　mamred　histologlcally　or　fUnctionally
immedlately　after　weaning．　Since　then，　various　social　events　can　influence　the　maturation　of
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the　synaptic　composition　and　brain　development．　Breaking　off　contact　with　the　littermates
after　weaning　may　induce　abnormal　development　ofthe　neurotransmitter　systems　ln　the　brain。
　　　　Dopamine（DA）pIays　an　important　role　in　mediating　the　ef允cts　of　isolated　housing　on
the　social　behavior　of　mice．　Gendreauθτα乙［40］reported　that　DA　agonlsts　potentlate
defensive　behavior　and／or　social　fear劔ness　in　the　SI　mice．　They　fUrther　suggested　that　D3
and　D2　DA　receptors　dif琵rentially　modulate　the　expression　of　social－emotional　reactivity
Reduction　of　brain　GABAA　receptor　fUnction　in　the　SI　mlce　also　was　reported，　as　evaluated
by　measuring　GABA－evoked　Cr　currents　in　xenopus　oocytes［41］．　As　to　seroton輌n（5－HT），
Schillerετα1．［42］analyzed　by　in　vitro　autoradiography，　and　they　reported　that　5－HTlA　and
5－HT2A　receptor　densities　in　the　brains　of　SI　mice　were　strongly　reduced．　Ago　and　Matsuda　eτ
α1．［43，44］examined　the　modulation　of　5－HT，　DA，　and　noradorenaline（NA）release　by
selective　5－HTIA　receptor　agonists　in　the　cortex　ofthe　SI　mice　by　microdialysis．　In　this　study，
the　basal　level　of　extracellular　DA　ln　the　ffontal　cortex　was　higher　in　the　SI　mice　than　in　the
group－housed（GH）mice．　The　5－HTIA　receptor　agonist，　MKC－242　induced　increases　in　the
cortlcal　DA　release　was　less　pronounced　ln　the　SI　mlce　than　the　GH　mice．　These　findings
suggest　that　the　soc輌ally　isolation－illduced　distress　ellhances　the　activity　of　cortical　DAnergic
neurons　alld　reduces　the　responses　ofDAnergic　terminals　to　5－HT　lA　receptor　stimulatlon．
5．Obj　ectives
　　　　Among　the　many　efncacies　of　essential　oil，　anxiolytic，　antldepressant，　and　anti－stress
ef飴cts　are　very　help釦1拓r　psychiatry　and　psychopha㎜acology，　since　combining　the
medicine　and　essentia▲oil　can　reduce　the　dose　of　those　medicines　and　essential　oll　may　help
prevent　the　side　effects　of　the　anxiolytic　and　antidepressant　medicines．　All　clinically　available
anxiolytics　and　antidepressants　have　limited　clinical　efficacy　because　of　their　adverse　side
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effects，　such　as　the　a㎜estic　effect　of　benzodiazep輌ne．
　　　　The　anxiolytic，　antidepressallt，　and　ant輌一stress　efi民cts　of　essential　oils　and　their　precise
mechanislns　have　not　yet　been　Inade　clea£Some　studies　have　suggested　that　essent輌al　oils
may　a£飴ct　the　modulation　of　the　glutamatergic　system［45］，　the　strength　ofthe　GABA　neuron
system［23］，　or　the　stlmulation　of　5－HT　secretion　and　lnhlbition　of　selectlve　5－HT　reuptake
［46］．
　　　　The　pres斑t　studies　were　designed　to　find　the　oils　possessing　anxiolytlc，　antidepressant，
and　anti－stress　effbcts　and　to　lnvestigate　the　mechanisms．　At　first，　the　behavioral　effbcts　of
inhaling　lavender（垣vαη∂〃1αα〃gμぷぴ）1」α），　rose（Ro5α由1ηα3cθ刀e），　and　lemon（α肋ぷ1」1ηoη）
oil　vapor　were　estimated　by　three　tests　of　anxiety　such　as　elevated　plus－maze（EPM），　open
丘eld　test（OFT），　and　fbrced　swimming　test（FST）on　mice．　Concerning　lemon　oil，　which
neurotransmitter　activlty　was　related　to　the　effbcts　was　invest輌gated　by　pre－treatment　with
neurotransmitter’s　agonists，　antag皿lsts　and　reuptake　inhibitor　in　behavioral　tests，　and　both
acute　and　chronic　lnhalations　were　examined．　Furthermore　the　contents　of　monoamines　and
their　metabolites　in　the　pre丘ontal　cortex，　the　hipPocampus，　and　the　striatum　and　the　levels　of
Plasma　corticosterone　were　measured．
　　　　On　su句ect　animal，　the　GH　mice　at　6－week－old　were　used　as　the　model　in　no㎜al　and　the
SI　mice　fbr　3　weeks　after　wea面g　were　used　as　the　pathological　model　fbr　emotional
disorders　and　whether　the　lemon　oihnhalation　was　effectlve　to　emotlonal　dlsease　was
demonstrated．
　　　In　addltion，　we　assessed　the　relaxlng　efficacy　of　lavender　o鍍（Lαvαη6海〃α　αηg〃5τクわ1∫α）
quantltatively　in　dogs　vla　de㎜al　apphcation．　To　be　more　precise，　we　evaluated　the　autonomic
nervous　systern　activities　of　dogs　to　which　lavender　oil　had　been　applied　in　successlon．　From
the　results　and　the　other　literatures，　we　assessed　the　propert輌es　of　the　lavender　oil　in　making
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dogs　more　relaxed・If　lavender　oil　had　those　properties，　its　apPlication　might　become　praetlcal
altemative　treatments　fbr　the　dogs　that　have　sorne　behavioral　problems．　There　behaviors　could
include　hyperexclt輌ng，　aggressiveness，　separation　anxiety　disorder，　travel－induced　excitement，
and　sleep　disorder　in　aged　dogs．　Veterinarians　often　witness　hyperexcit輌ng　dogs　in　cl輌nics．
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CHAPTER　1
Behavioral　changes　by　acute　inhalation　of　essential　oils
　　　　　on　gro叩boused　and　socially　isolated　mice
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INTROI）UCTION
　　　Some　essential　oils，　lavender，　rose，　and　lemon　have　been　generally　said　to　possess
anxiolytlc　and　antidepressant　effbcts．　Thus　the　behavioral　tests　were　examined　on　the　GH
mice　that　irdlaled　those　oil　vapors　fbr　90　min（acute　ilihalatiol1）．　Among　the　behavioral　tests，
the　EPM　and　the　OFT　are　established　animal　model　of　psychotical　anxiety　and　the　FST　is　a
pha］㎜acologically　usefUl　screening　test　fbr　antidepressant　properties．
　　　Since　the　result　proved　lemoll　o輌l　vapor　to　possess　the　most　anxlolyt輌c　and　antidepressant
effects　of　the　three，　lemon　oll　alone　was　examined　in　the　fbllowing　examination　on　the　SI
mice．　The　SI　mouse　model　are　exposed　long－term　isolation　stress，　though　under　the　more
dlstress　condition　than　the　normal　GH　mice，　and　are　consldered　to　be　a　pathological　model　of
mood　dlsorders．　Social　lsolation　stress　causes　anxiety，　antidepressant，　and　aggressive　behavior
Therefbre　lemon　oil　may　be　available　i1ユsuch　a　case．
MATERIALS　AND　METHOI）S
1．Animals
　　　ICR　strain　mice　were　obtained　ffom　Tokyo　Laboratory　Animal　Co．，　Ltd．（Tokyo，　Japan）．
They　were　mated，　and　then　newbom　mice　were　weaned　at　20　days　of　age．　Immediately　after
the　weaning，　male　mice　were　randomly　separated　into　two　groups：GH　and　SI．　In　the　GH
group，　five　m輌ce　were　housed　in　the　same　cage（355　x　305　x　16．5　cm）fbr　three　weeks．　In　the
SI　group，　all　mice　were　housed　individually　ln　cages（22　x　14．5　x　l　2　cm）fbr　three　weeks，　and
were　not　allowed　physical　or　visual　contact　with　other　mice（Fig．1－1）．　Male　mice　were　used，
because允male　rats　showed　a　reduced　aversion　to　the　open　a㎜s　compared　to　Inale　rats　i杣e
EPM［47］and　we　observed　similar　results　ln　mice．
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　　　　The　mice　were　maintained　at　a　controlled　temperature（23圭2°C）and　on　a　regular
light／dark　cycle（7：00　to　19：00　h，　Iight），　and　all　animals　had　free　access　to　fbod　and　wate£
The　animals　were　native　to　essentlal　oils，　and　each　mouse　was　studied　once　only　And　in
every　experlment，　the　numbers　of　animals　per　group　were　5－10．　All　experlme斑s　were
conducted　in　accordance　with　the　guidel輌nes　regarding　the　care　of　experimentahnimals，　as
approved　by　the　Animal　Research　Commi仕ee　at　Tottori　University
2．Inhalation　of　essential　oil　vapor
　　　The　essential　oils　of　lavender，　rose，　and　lemon　were　supplied　by　Soda　Aromatic　Co．，　Ltd．
（Tokyo，　Japan）．　The　component　analyses　of　essential　oils　used　in　this　study　are　shown　in
Table　1－1，which　was　submit重ed　by　Soda　Aromatic　Co．，　Ltd．
　　　To　be　efficiently　vaporized，　the　essential　oil　was　mixed　with　the　same　volume　of　ethanol
and　was　then　soaked　up　by　cotton　set　on　the　upper　side　of　an　inhalation　box．　In　aU
experiments，1－2　ml　of　the　essentlal　oll　was　vaporlzed　in　the　container（30　x　23　x　15　cm）．
Bthanol　was　applied　as　the　controれreatment．　The輌nhalat輌on　of　essential　o輌1　was　sta柱ed　90
min　befbre　the　behavioral　tests（acute　experiment）．　In　case　of　OFT，　the　inhalation　was　sta柱ed
90min　befbre　the　test，　and　malntained　throughout　the　test（Fig．1－2，　acute　experiment）．
3．］Behavioral　analyses
3．1．］1£levated　plus－maze　test
　　　　The　EPM　was　perfbm｝ed　according　to　the　protocohsed　in　the　prevlous　repo仕［48］w輌th
slight　modlfications（Fig．1－3）．　In　brie£the　mice　were　placed　in　the　experimental　room　to
飴cilitate　adaptation　at　least　l　h　befbre　the　test．　All　tests　were　carried　out　during　the　light
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period（U：00－15：00），　in　a　cou斑erbalanced　random　order　Each　mouse　was　placed　at　the
center　of　crossed　a㎜s，　and　then　lts　behavior　was　recorded　fbr　5　min　using　a　video　camera
（CCD－TR　3　B，　Sony，　Tokyo，　Japan）．　Between　su句ects，　the　maze　floor　was　thoroughly
cleaned　with　cotton　and　ethano1．　Parameters　consisted　of　the倉equency　of　the　open　and　closed
arm　entries，　the　percentage　of　entries　into　the　open　amls，　and　the　amount　of　time　spent　on　the
open　arms，　which　were　determined　by　replaying　the　videotape．
3．2．Forced　swimming　test
　　　Forced　swimming　test（FST）was　carried　out　according　to　the　method　ofPorsokετα1．［49］．
Mice　were　dropped　individually輌nto　glass　cyl輌nders（height　25　cm，　diameter　lO　cm）
containing　10cm　of　water，　malntained　at　23－25°C（Flg．1－4）．　Mice　were　le我in　the　cylinder　fbr
6min．　After　the　first　2　min，　the　total　duration　of　immobility　in　mice　was　measured　during　a　4
min　test．　The　mouse　was　judged　to　be　immobile　when輌t　remained　floating　Passively　in　the
water．
3．3．Open　field　test
　　　　The　open　field　test　apparatus　consisted　of　a　clear　acrylic　box（30　x　30　x　35　cm）with　a　lid
（Fig．1－5）．　The　floor　was　divided輌nto　thirty－six　5　cm　squares　by　drawing．　The　test　was
per品㎜ed　in　a　light－and　sound－attenuated　shield　box　with　a　dlm　light．
　　　　Each　mouse’s　behavior　was　then　recorded　by　video　camera　fbr　45　min．　We　evaluated　the
fbllowlng　behavior　with　5　min　intervals：the　locomotor　activlty　counts（the　f壬equency　across
the　squares）and　the　rearing　counts（the丘equency　of　rearing　arourld　the　wall）．　Between
su旬ects，　the　box　was　thor皿ghly　cleaned　with　cotton　and　ethanol．
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4．Statistical　analysis
　　　　All　results　are　expressed　as　means±SE．　Diffbrences　between　the　GH　and　SI　mlce
groups　were　assessed　by　u叩a輌red　Studentうsτ一test．　Differ頭ces　between　treatment　groups　were
assessed　by　one－way　analysis　of　variance（ANOVA）fbllowed　by　Tukeジs　mult輌ple
comparison　test．　A　probability　level　of　P＜0．05　was　taken　to　be　statistically　sign輌ficant　in　the
analyses．
RESULTS
1．】Behavioral　changes　by　inhalation　of　essential　oils
　　　　Total　numbers　of　entries　into　the　open　and　closed　arms輌n　the　EPM　were　not　signi負cantly
changed　by　inhalation　of　ethano1，1avender，　rose，　or　lemon　oil（F輌g．㌔6A）．　On　the　other　hand，
the　percentage　of　entries　lnto　the　open　amls　was　significantly　increased　in　the　lemon
oil－treated　mice（F（2，30）＝18．29；P＜0．01）（Fig．　L6B）．　The　time　spent　on　the　open　arms　was
also　significantly　increased　in　the　lemon　oil－treated　mice（F（2，30）＝8．024；P＜0．01）
（Fig．1－6C）．
　　　　An　antidepressant　effbct　of　lemon　o輌l　was　more　apparent輌n　the　FST（F（2，15）；5．841；
P＜0．05）（Fig．1－7）．　Lavender　and　rose　oil　had　no　ef允ct　on　the輌mmob輌1ity　time　in　the　FST．
　　　　In　the　OFT（Fig．1－8A，　B），　both　the　locomotor　activity　and　the　rearing　counts　fbr　45　mln
were　lower▲n　the　mice　treated　with　lavender　oパemon　oil　inhalation　than　in　mice　in　other
groups，　and　a　significant　effect　was　detemユined　only　in　the　lemon　oil－treated　group（F（2，
15）＝6．936；P＜0．05and　F（2，15）＝1153；P＜0．01）．　Laven（ler　oil　had　tendencies　to　decrease　in
the　locomotion　and　rearing　counts，　however　those　were　not　significant丘om　ethanol－treated
mice．
　　　　These　results　show　that　lemon　oil　vapor　has　anxiolytic，　antidepressant，　and　sedative
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　11
e洗cts　alld　sugges杜hat　lemon　o▲1　vapor　has　a　supPressive　e茄ect　on　distress　in　mice．
2．］Behavioral　characterist輌cs　of　the　SI　mice
　　　Body　weight　was　measured　on　every　eighth　day　throughout　the　experim斑tal　period　and
unti190　days　old，　and　there　was　rlo　significant　diffもrence　between　the　GH　and　SI　groups．　The
wet　welghts　of　the出ymus，　liveちpancreas，　sp玉e銀，　testls，　epld輌dymal　adipose，　kidneys，　and
adrenal　glands　in　the　SI　group　were　also　sim輌lar　to　those　in　the　GH　group（data　not　shown）．
　　　After　the　treatments　fbr　three　weeks　were　completed，　the　mice　were　used　fbr　the
behavioral　tests．　As　shown　in　Fig．1－9，　the　total　number　of　open　and　closed　amユentries，　the
percentage　of　entries　into　the　open　ams，　and　the　time　spent　on　the　open　amユs　in　the　SI　mlce
tended　to　reduce　compared　with　those　ln　the　GH　mice，　respectively　in　the　EPM．　But　the∫e
were　no　significant　diffbrences　between　the　two　groups　by　t－test．　In　the　FST，　the　immobllity
duration　did　not　show　any　altemation　with　isolation　treatment（Fig．1－10）．
　　　　In　the　OFT，　the　mlce　in　both　groups　revealed　a　h輌gh　degree　of　locomotor　activity　and
rearing　counts　lmmediately　fbllowlng　the　s倣of　the　test（Fig．1－11A，　B）．　While　the　locomotor
actlvity　and　rearing　cotlnts　in　the　GH　mlce　gradually　calmed　down　as　the　time　course
progressed，　those　in　the　SI　mice　kept　higher　levels．　The　total　locomotor　activity　and　rearing
counts　fbr　45　min　was　significantly　higher　in　the　SI　group　than　in　the　GH　group　by　t－test
（P＜α01）、These　resuks　suggest　that　the　sociahsolation－induced　stress　may　induce　abnomlal
behaviors　such　as　hyperactivit）㌃
3．13ehavioral　changes　by　the　inha豆ation　of　lemon　oH　vapor　on也e　SI　mice
　　　　The　total　numbers　of　open　and　closed　arm　entries（F（2，23）＝5218；P＝0．Ol50），　the
percentage　of　entries　into　the　open　arms（F（2，23）＝4221；Pニ0．0296），　and　the　t輌me　spent　on　the
12
open　am｝s（F（2，23）＝25．92；P＜0．0001）sign輌ficantly　increased　with　lemon　oil　treatment　in　the
EPM（Fl9．1－9）．
　　　　The　immobility　duration　also　significantly　reduced　with　lelnon　o輌l　treatment　in　the　FST
（F（2，23）＝15．29；P＜0．0001）（Flg．1－10）．　On　the　other　hand，　locomotor　activity　and　rearing
counts　showed　a　tendency　to　decrease　due　to　acute　lemon　o輌1　inhalation　but　not　significantly
in　the　OFT（F輌g．1－11A，　B）．
1）ISCUSSION　ANI）CONCLUSION
　　　　The　present　study　showed　that　the　90　min輌nhalation　of　lemon　oil　vapor　induced
anxiolytic　and　antidepressant　effbcts輌n　the　normal　mice　housed　in　group．　These　results
suggest　that　lemon　oil　vapor　has　a　suppress輌ve　ef允ct　on　distress　in　mice．　There　are　many
reports　showing　the　anxiolytic（p．o．）［4］，　sedat輌ve（輌．p．）［50］，　ant輌spasmodic（i．p．　and　p．o．）［51］，
and　antidepressant（inhale）［9］effbcts　of　lemon，　lemon　odor，　or　limonene　in　m▲ce　or　rats．
Limollene　is　one　of　the　m司or　colnpollents　of　lemon　oil．　In　humans，　it　has　been　shown　that
ambient　lemon　odor　can　lmprove　creativity，　mood，　and　perceived　heakh［52］．　Heart　rate
changes　have　also　been　reported　after　exposure　to　lemon　essential　odor［53］．　However，　the
preclse　mechanisms　of　these　psychologlcal　or　pham｝aceutlcal　effbcts　lnduced　by　lemon　oil
vapor　are　stll玉un㎞own．
　　　　The　social　isolation－induced　stress　increased　aversion　to　the　open　a㎜s　in　the　EPM，　did
not　show　any　ef琵ct　to　lmmobillty　duration　in　the　FST，　and　kept　high　levels　of　behavioral
activity　under　novel　sltuation　in　the　OFT．　The　result　of　the　OFT　suggested　that　the　SI　mice　fbll
into　hyperactlvity，　therefbre　the　immob姐ty　du∫at輌on　in　the　FST　reduced　even　though　the　SI
mice　were　under　depressant．　The　social　isolation　distress　induced　an　anx輌ogenic　and
disturbance　state　easily，　neophobia．
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　　　　On　the　other　hand，　lemon　oil　vapor　were　also　effective　in　such　as　psychologically
distressed　model　mice，　i．e．　the　SI　mice　as　well　as　on　the　mice　imlorma1．90　min輌nhalation　of
lemon　oll　vapor　also　illduced　anx輌olytic　and　antidepressant　effbcts　in　the　SI　mice．　However，
lemon　oil　vapor　did　not　suppress　hyperlocomoti皿on　the　SI　mice　better　than　on　the　GH　mice．
This　reason　is　also　that　the　sociahsolation　distress　may　induce　the　mice　under　a　conditlon　of
“hyperactivity”strongly．
　　　　In　concluslon，　the　ac磁e　inhalation　of　lemon　oil　vapor　proved　to　possess　anxiolytlc，
antidepressant，　and　sedative　efi民cts　and　those　effbcts　were　obtained　on　both　the　mice　in
no㎜al　and　the　psychologically　dis仕essed　model　mice．　These　results　suggest　that　lemon　oil
vapor　has　a　suppressive　effbct　on　distress　in　mice．
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1．The　model　in　normql
　．．．group　housed　mice　qf　6－week・old
2．The　pofhologicql　model　for　emo廿ionql　disorders
　．．．sociqlly　isolofed　mice　for　3　weeks　qffer　weqring
Fig．1－1．Housing　condifions　of廿he　onimol（♂）
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Tqble　1－1　Mq拍c◎mpone耐s　of　fhe　bvender，　lemon，　rose
o目onqlyzed　by　GC・MS
Lαvender　o目Compound　nQme GC　qreQ％
Lin（】lyl　oce†o†e
LinQlool
Coryophyllene
4－TerpineOl
］　，8－Cineole
Lo∨ondulyl　clce†Q†e
Trons一β一〇cimene
cis一β一〇cimene
β干ornesene
Borneol
α一Terpineol
］－Oc†en－3－yl　ocetQ†e
Lovondubl
LemOn◎目CompouPd　nqme GC　ore（】％
Liw∩onene
β一Pinene
γ一Terpいene
α一Pinene
Geroniol
β一Myrcene
Nerd
P－Cymene
54．48
］5．82
］1．33
329
2．3｜
2．22
1．62
1．16
Rose◎目Compound　nome GC　oreo％
Rose　P
Ci†ronellol
GerQniol
Eugenol
Nerol
Me†hy｝eugenol
FornesOl
Benzyl　olcOhOl
Phenyle†hyl　oce†（】†e
GerQnyl　Qce†o†e
4773
10．42
528
2．32
2，02
LO2
0．92
0．73
0．67
0．59
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1．Acufe　experimen廿
　　　　　＿inhqlqfion　jus廿90　min
　　　　　　before†he　behqviorql†es†s
2．Chronic　experimenf
　　　　　．．．inholqfion　for　120　min　during　fhe　dork　period
　　　　　　every　dqy　unfil廿he　doy　before廿he　behqviorones↑s
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Fig．1－2．　Schedule　of　inholing　lemon　oil
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Poromefers
1．Frequency　of　qrm　enfries
2．Percen廿oge　of　enfry　info　open　orms
3．Time　spenf　in廿he　open　qrms
Fig．1’3．　Ou刊ine　of　Elevo廿ed　p1us－moze　fes廿
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immobimy
???
ll⇒
　　　　　　　　　　　　　　　　　　　　　　　　10cm
Procedure：
A冊edhe　firs廿2min、　fhe　fo†αl　durq廿ion　of　immobili旬wqs　meqsured　during
q4min　period．
on　increose　of　lmmobilify　fime＝depression　or　qnxiefy
Fig．1－4．　Oufline　of　Forced　swimming†esf
19
30cm
Pqrqme廿ers：
1．Frequency　qcross廿he　squqres
2．Frequency　of　reoring　qround　fhe　wqll
Fig．1・5．　Ou廿line　of　Open　field　fesf
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Fig．1魯6．　E謄ec†s　of†he　inholo†bn　of　essenHol　oil　vqpor　on
†he　elevq†ed　plus－mαze　fesf　in　GH　mice．
A：The†o†（】l　number　of　open　orm　en†ries，
B：The　percen†clge　Of　en†ries　in†o†he　Open　orms，
C：The†ime　spen†on†he　open　orms　during　o　5－mln　period．
Eoch　vQlue　represen†s†he　meσn±SE　oぞ5－］Omlce．
＊P＜O．05，＊＊P〈O．01compQred†o†he　e†honol　group　by　one－woy
ANO＞A　wim　Tukeゾs　mul†iple　cOmporison†est．
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Fig．1“7．　EWec†s　of†he　inholαfi◎n　of　essen†id　oil　vqPor　on
fhe　forced　swim　fesf　in　GH　mice．
The　groph　represen†s†he　immObili†y　duro†iOn†1me　during　Q　4－min　perbd．
εoch∨QlUe　represen†s†he　meon±SE　of　5－10mice．
＊P＜O．05compored†○†he　e†honol　group　by　one－woy　ANO＞A
wi†h　Tukeゾs　mulfiple　comporison†es†．
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Fig．1西8．　E什ecfs　of　fhe　inholofion　of　essenfbl　oil　vαP◎r　on
↑he　open　field　fesf　in　GH　mたe．
A：The†○†ol　locomo†or　oc†M†y　cOun†s，　B：The　reoring　cOun†s　for　45　min．
EQch∨olUe　represen†s†he　meQn±SE　of　5－10mice．
＊P＜0．05，＊＊P＜○．01cOmpc｜red†o†he　e†honol　group　by　one－wQy　Aト⑩VA
wi†h　Tukey’s　mul†lple　compQrison†es†．
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Fig．1－9．　Effec†s◎f　fhe　inholqHon　of　lernon　oil　vopor　on　elevq†ed
plus－moze　fesf　in　GH　ond　SI　mice．
A：The†○すQl　number　Of　open　Ond　clOsed　Qrm　en†ries，
Bl　The　percen†oge　Of　en†ries　in†o†he　open　orms，
C：The†ime　spen†On†he　open　Qrms　during　Q　5－mln　perbd．
Eoch　volue　represen†s†he　meQn±S∈of　5－11mice．　The　d（コ†o　ore　ossessed　by
one－woy　ANO＞A　wi†h　Tukey’s　mu｝†iple　cOmporisOn†es†．
＊P＜0．05、＊＊P〈0．O］、＊＊＊P〈0．0011signlficon†ly　differen†from　GH　Or　Sl　con†rOl　group、
respec刊＞ely．＃＃＃P＜0．OO1；slgnificon†ly　differen†frOm　e†hQnol　inhQIQ†10n　grOup．
COn†：con†rol，　E†：e†h（コnol　inholo†10n，しe：lemon　oii∨Opor　inholo補on．
GH　mice：grOup－housed　rnlce，　Sl　mice：soc泊‖y　isob†ed　mice．
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＊P＜0．05，＊＊＊P＜0．OO］cOmpQred†o†he　e†honol　group　by　one－woy
ANO∨A　wl†h　Tukey’s　mUl†iple　comporisOn†es†．
GH　mice：group－housed　mice，　Sl　mice：sociolly　isd（】†ed　mice．
25
A 　　2000
．庄
ε1500?
　」210005
8500
0
400
’巨300?
き200
8
0
　100
Con†　　日　　　　Le
　　　GH　mice
20GO
1500
1000
500
0 Con† εf Le
Sl　mice
0
B
　　　忘500
　　　ξ4・・
　　　ミ300
　　　き
　　　8200
　　　∪
　　　　　100
?????????
0
5　　10　　15　　20　　25　　30　　35　　40　　45
　　　　　　Time（mln）
Con↑
?E Le
500
400
300
200
100
0
Con量 Ef Le
Sl　mice
5　　10　　15　20　25　30　　35　40　45
　　　　　　τime（mln）
Fig．1・11．Effec†s　of†he　inholqfion　of　essenHol　oil　vαpor　on
†he　open　field　fesf　in　mice．
A：The†o†（】l　locomO†or（】c†i∨汁y　coun†s、　B：The　re（】ring　coun†s　for　45　min．
The　Open　circle　poin†s　indico†e　GH　confrol　mice，†he釧led　circle　poin†s　indiccl†e　Sl
con†rd　mice，　respec†i∨dy，　E（コch∨Qlue　represen†s↑he　meon±SE　of　5－10mice．
＊P＜0．05，＊＊P＜O．01compored†o†he　e†hOnol　group　by　one－woy　ANO＞A
wi†h　Tukey’s　mul†iple　comp（】risOn†es†．
GH　mlce：group－housed　mice，　Sl　mice：socio‖y　isOlo†ed　mice．
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　　　　　　　　　　　　　　　　CHAPTER　2
8ehavioral　characteristics　oMhe　socially　isolated　mice
　　　Ibllowing　chronic　inhalation　ofIemon　oil　vapor
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INTROI）UCTION
　　　The　presellt　study　was　addressed　to　investiga総whether　the　chronic　inhalation　of　lemon
oil　change　the　behavioral　reacnon　on　the　SI　mice．　Since　breaking　off　contact　with　the
littermates　after　weaning　fbr　3　weeks　must　induce　abno㎜al　development　of　the
neurotransmitter　systems　in　the　brain　of　m輌ce，　the　SI　mice　are　thought　to　modulate　DAnergic
neuron，5－］卜ITergic　neurons，　and　any　other　neurons　irl　the　brain　reg緬ns．
　　　　On　the　other　hand，　F両iwaraθτα1．［18］reported　that　the　anilnal　easily　became
accustomed　to　some　ffagrances　through　long－term　　exposure．　They　observed　that
immunological　dlsorders　were　restored　when　mice　were　exposed　to　lemon　and　oa㎞oss　over
3weeks，　bm　not　when　exposed　to　tuberose　and　labdanum．　They　also　tested　the　use　of
lavender　oll　fbr　the　same　disorder，　and　they　confirmed　that　lavender　had　no　ef允ct　wh斑mice
were　exposed　to　it　over　3　weeks（unpublished）．　Fu柱he㎜ore，　the　results　of　EPM　ln　group
housed　rats　fbllowing　long－teml　exposure　of　lemon　oll　odor　by　Ceccarelliετα1．［16］showed
aversion　to　the　opell　anα〕s．
　　　　Then，　whether　lemon　oil　recovered　those　neuron　modulations　by　soc輌al　isolation－induced
stress　fbllowlng　chronic　inhalation　of　lemon　oil　vapor　during　isolatlon　term　fbr　3　weeks　were
investigated．
MATERIALS　AND　METHODS
1．Animals
　　　　The　mice　were　descrlbed　in　Chapter　1．
2．Inllalation　of　lemon　oil
　　　　How　to　vaporlze　lemon　oil　was　described　in　Chapter　1．The　inhalation　of　lemon　oil　vapor
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was　administered　fbr　120　min　during　the　dark　period（22：00－24：00）every　day　ffom　3　to　6
weeks　of　age，　during　3　weeks　of　isolation（chronic　experiment）（Fig．1－2）．　The　next　day　after
the　completion　of　the　treatments，　the　m輌ce　were　tested　by　EPM，　FST　and　OFT．　Ethanol　was
apPlied　as　the　control　treatment．
3・】Behav輌oral　analyses
　　　Re衣〕r　to　chapter　1．
4・Stat量stical　analysis
　　　Re允r　to　chapter　L
RESUITS
　　　　Interestingly，　ln　the　EPM，　the　chron輌c　inhalation　of　lemon　oil　vapor　signlficantly
decreased　all　the　parameter，　the　total　numbers　of　entries　into　the　open　and　closed　amユs
（F（2，15）＝7．679；P＝0．0071），the　percentage　of　entries　into　the　open　arms　（F（2，19）＝5．234；
P＝0．0178），and　the　time　spent　on　the　open　amls（F（2，19）＝27．54；P＜0．0001）compared　with　no
輌nhaled　SI　control　group，　akhough　ethanohnhaled　controhtself　also　showed　an　decrease　of
the　three　parameters（F（2，15）＝5．970；P＝0．0159）（Fig．2－1）．
　　　　The　immobi垣y　duratioll　did　not　alter　in　the　FST　treated　with　lemon　oil　vapor　inhalatlon
（F輌g．2－2），colnpared　with　the　acute　inhalation　of　lemon，　sign輌ficantly　increased（P＜0．001）．
The　counts　of　the　locomotor　actlv輌ty　in　the　OFT　showed　no　significant　dif允rence　among　no
輌nhaled　control　group，　ethanohr正haled　group，　and　lemon　oil　ir由aled　group．　The　rearirlg　counts
also　revealed　the　same　tendency（F輌g．2－3）．
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D夏SCUSSION　AM）CONCLUSION
　　　　The　chronic　inhalation　o臼emon　oil　vapor　on　the　SI　m輌ce　showed　opposite　results　in　all
of　tests］丘om　the　acute　ir由alation，　then，　those　findings　suggested　that　the　chronic　inhalation
s輌gni丘cantly　induced　anxiogenic　and　did　not　possess　antidepressant　effects．　The　smdy　by
CeccareUiετα1．　suggest　that　long－term　exposure　of　lemon　oil　vapor　changes　ln　neuronal
circuits　lnvolved　ln　anxiety　and　pain　slmilar　result　on　behav輌oral　test　was　obtained　in　group
housed　rats［16］．
　　　　The　long－te㎜successlve　inhalation　of　essential　oil　might　produce“tolerance”possibly
F司iwara　eτα乙［18］reported　that　the　animal　easily　became　accustomed　to　some　fragrances
through　long－te㎜exposwe．　They　observed　that　immunological　dlsorders　were　restored　when
mice　were　exposed　to　lemon　and　oa㎞oss　over　3　weeks，　but　not　when　exposed　to加berose
and　labdanum．　Abo斑anxlolytlc　ef琵ct　of　lemon　o輌1　in　this　study，　the　mice　might　be　apt　to
accustom　to　lemon，　or　mlght　relate　with　the　metabolic　capacity　of　chemicals　ln　mice．
　　　　The　SI　m輌ce　are　thought　to　modulate　DAnerglc　neuron，5－HTergic　neurons，　and　any
other　neurons　in　the　brain　regions　due　to　a　long－term　exposure　under　isolation　stress．　Because
those　organic　modulatlons　were　strong，　that　chron輌c　inhalatlon　of　lemon　oil　vapor　failed　to
recover　those　modulations　could　be　cor∂ectured．　However　ac磁e　i㎡lalation　of　lemon　oil　vapor
induced　anx輌olytic　and　antidepressant　effbcts　on　the　behavioral　tests　and　the　data　of　chronic
inhalation　of　Iemon　oil　vapor　were　lnfbrior　to　those　of　SI　control．　Ac磁e　inhalation　of　lemon
oil，　in　other　word，　inhalation　of　lemon　oil　right　befbre　the　behavioral　tests　might　make　the　SI
mice　interlm　anxiolytic　and　antidepressant　mood．
　　　　In　conclusion，　although　the　acute輌r由alation　of　lemon　o日vapor　induced　anxiolytic　and
antidepressant　effects　on　the　behavioral　tests，　chronic　inhalatlon　of　lemon　oil　vapor　failed　to
recover　the　abnormal　behaviors輌n　the　SI　mice。
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　　　　To　clear　these　mechanism，　the　behav輌oral　tests　were　carried　out　fbllowing　Pre－treatment
with　GABA，5－HT，　and　DA　neurotransmitter’s　agonists，　antagonlsts　and　reuptake　inhibltor　in
addition　to　acute　inhalat輌on　of　lemon　oil　vapor　on　GH　m輌ce，　and　the　contents　of　monoamines
and　thelr　metabolites　in　the　preftontal　cortex，　the　hippocampus，　and　the　striatum　of　GH　and　SI
mice　fbllowing　the　chronic　inhalation　of　lemon　oll　vapor　were　measured　in　Chapter　3，4．
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Fig．2－1．εWeds　of†heαcu†e　qnd　chr◎nic　inholqfion　of　lemon　o目on
elevqfed　plus－mαze†es†in　Sl　mice．
A：The†o†ol　number　of　open　ond　closed　Qrm　en†ries，
B：The　percen†oge　of　en†rles　in†o†he　Open　orms、　ond
C：The†ime　spen†On†he　open　orms　during　Q　5－min　periOd．
EQch∨olue　represen†s†he　meQn±SEOf　5－9　mice．　The　do†Q（】re　ossessed　by
One－woy　ANO＞A　wl†h　Tukey’s　mul†iple　comporisOn†es†．
＃P＜0．05，＃＃P＜0．01compQred†o†he　isolQ†ion　con†rol　group、
＄＄P＜0．01，＄＄＄P＜0．001compQred†he　Qcu†e　inholo†ion　wi†h　chronic　inhdQ†ion
Of　lemOn　dl．　Sl　con†：sOcblly　isolo†ed　mice†h（コ†inholed　nO†hing　Qs　cOn†rOl、
E†：e†hono目nholo†ion、　Le：lemOn　o‖inholo†ion．
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3CHAPTER
Possible　mechanisms　of　anti－stress　effect　by　the　lemon　oil　vapor
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INTRO］）UCTION
　　　　Some　studies　have　suggested　that　essentlal　oils　af允ct　the　modulation　of　the　central
neurotransmi麓er　system．　Linalool，　a　m勾or　component　of　lav斑der　oil，　ls　reported　to　have　an
effbct　on　glutamate　receptors　in　vltro［45］．　Pinene，　which　is　one　of　the　components　of　lemon
oil，　and　lavender，　hinokitiol，　eugenol，　citronellol，　and　citronellal　are　repo】rted　to　potentiate　the
respollses輌n　the　presence　of　GABA　at　low　concentrations　and　inhiblt　the　responses　in　the
presence　of　GABA　at　h輌gh　concentrations　in　vitro［23］．　砂初θγ∫c〃mρε∫プ∂γ〆〃功L（St．　Johnうs
wort）is　supposed　to　inhibit　the　synaptosomahptake　of　5－HT　in　rats［46］，　and　therefbre　the
5－HT　concentratlon　of　basal　nucle輌may　increase．　In　addition，砂ρ♂c〃η7ρe1プ∂mτL〃ηLis
also　reported　to　increase　extracellular　dopamlne　levels　in　the　rat　prefrontal　cortex［54］．
　　　　In　this　chapte妥，　to　invest輌gate　whether　the　allti－stress　effbcts　of　acute　lemon　oil　inhalation
were　rebted　to　activities　of　GABA，5－HT，　and　DA　r≧eurons，　behavioral　tests　were　carried　out
by　pre－treatm斑t　with　neurotransmitter’s　agonists，　antagonists　and　reuptake　inhib髭or　on　GH
mlce．
MATERIALS　AND　METHODS
1．Animals
　　　Refbr　to　Chapter　L
2．Inhalation　of　lemon　oil
　　　Refbr　to　Chapter　l．
3．1）rug　application
　　　Diazepam（0．5　mg／kg，1．O　mg／kg）（Takeda　Pharmaceutical　Co．　Ltd，　Osaka，　Japan），　a
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benzodiazepine（BZP）receptor　agonist，　was　diluted　with　O．9％saline．　Flumaz斑il（1．O　mg／kg，
5．O　mg／kg），　a　BZP　receptor　competitive　antagonist，　buspirone（2，0　mg／kg，6．O　mg／kg），　a
5－HT］Areceptor　agonist，　WAY　100，635（0．1mg／kg，0．3　mg／kg，1．O　mg／kg），　a　5－HT　l　A　receptor
antagonlst，（士）－2－5－dimethoxy－4－iodoamphetam輌ne　hydrochloride（DOI）（0．3　mg／kg，1．O
mg／kg），　a　5－HT2A　receptor　agonist，　mianserm（1．O　mg／kg，3．O　mg／kg），　a　5－HT2A／c　receptor
agonist，　fluoxetine（1．8　mg／kg，3．O　mg／kg，35　mg／kg，10．O　mg／kg），　a　selective　serotonin
reuptake　inhibltor（SSR．1），　imipramine（30　mg／kg，50　mg／kg），　a　tricyclic　antidepressant　and　a
5－HT　and　NA　uptake　inh輌bitor，　apomorphine（0．5　mg／kg，1．5　mg／kg，3．O　mg／kg），　a
nonselective　DA　receptor　agonist，　clonidlne（0．05　mg／kg，0．1　mg／kg），　a　selectiveα2
adrenerglc　receptor　agonist，　and　yohimbine（0．5　mg／kg，　L5　mg／kg，25　mg／kg，4．O　mg／kg），　a
selectiveα2　adrenergic　receptor　antagonist（Sigma　Chemical　Co．，　S輻Louis，　MO，　USA）were
dissolved　in　O．9％sallne．　Haloperidol（0．5　mg／kg，1．O　mg／kg），　a　D2，　D3，　D4　receptor　antagon輌st，
was　dissolved輌n　acidic　O．9％saline　under　heated　conditlon．　All　dnlgs　and　vehicle　were
i句ected　intraperitonea晦and　an　lrり’ection　volume　was　O．2　ml／30g．
4．］Behavioral　analyses
4．1．Elevated　plus－maze　test
　　　The　EPM　was　descrlbed　in　Chapter　1．　The　mice　received　an　ir∂ection　of　saline　or　vehicle
or　drugs　30　min　befbre　the　test，　except　fluoxetine　and　imipram輌ne．　Fluoxetine　was　l句ected
120m輌n　befbre　the　test，　and　imipramine　was　ir∂ected　60　m輌n　befbre　the　test．
4．2．Forced　swimming　test
　　　The　FST　was　described　in　Chapter　1．The　mlce　rece輌ved　an　lr∂ect輌on　in　a　way　sim輌1ar　to
that　used　in　the　EPM．
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5．Statistica蓋analysis
　　　　All　results　are　expressed　as　means土SE．　Diffbrences　between　treatment　groups　were
assessed　by　one－way　ANOVA　fbllowed　by　Tukey’s　multiple　comparison　test．　A　probability
level　of　P＜0．05　was　taken　to　be　statistically　significant　in　the　analyses．
RESULTS
1．Role　of　GABA　receptor　in　the　anti－stress　effect　of　lemon　oil　on　GH　mice
　　　　Diazepam，　a　BZP　receptor　agonist，　and　flumazenil，　a　BZP　receptor　competitive
antagonist，　were　used　to　estimate　the　role　of　GABA　receptor　in　the　lemon　o輌1－induced
antl－stress　reaction．　Diazepam　and　flumazenil　were　ir∂ected　30　min　befbre　the　tests．　The
percentage　of　entrles（F（2，22）＝18．56；P＜0．0001）and　the　tlme　spent　on　the　open　a㎜s（F（2，
22）＝12．93；P＝0．0003）ln　the　EPM　showed　an　increase　in　mice　treated　with　diazepam（Fig．
3弓A，B）．　However，　the　comblnation　of　lemon　oil　and　diazepam　did　not　show　any　effbct　on
these　two　parameters（F（2，22）＝1．438；P＝0．2620　and　F（2，22）＝0．7271；P＝0．4970）．　In
contrast，　flumazenH　significantly　blocke（l　the　anti－stress　e£飴ct　of　lemon　oil輌n　both　percent　of
en的（F（2，22）＝10．90；P＝0．0009）and　time　spent　on　the　open　a㎜s（F（2，22）＝4．916；
P＝・0．0145）．
　　　　The　lmmobility　duration　in　the　FST　significantly　increased　fbllowing　a　treatment　with
diazepam（1．O　mg／kg）（F（2，22）＝4・817；P＝0．0272）．　The　antidepressant　e飽ct　of　lemon　oil
was　significantly　reversed　by　treatments　with　dlazepam（F（2，22）＝39．72；P〈0．0001）or
flumazen輌1（F（2，22）＝28．81；P＜0．0001）（Flg．3－2）．
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2．Role　of　5－HT　receptor　activity　under　lemon　oil　vapor　i曲alation　on　GH　mice
　　　　Buspirone，　a　5－HTlAreceptor　agonist，　WAY　100，635，　a　5－HT　lA　receptor　antagonist，　DOI，
a5－HT2A　receptor　agonist，　mianserln，　a　5－HT2wc　receptor　agonist，　fluoxetine，　a　SSRI，　and
imipramine，　a　tricychc　antldepressant　and　a　5－HT　and　NA　uptake　inhibitor，　were　used　to
estimate　the　role　of　5－HT　receptor　in　the　lemon　oil－induced　anti－stress　reactlon．
　　　　The　percentage　of　entries　lnto　open　a㎜s　showed　a　signi五cant　increase　ln　the　EPM　in
mice　treated　with　buspirone（F（2，22）＝5．729；P＝0．0113），　though　the　time　spent　on　the　open
a㎜sdld　nぱshow　any　effbcts（Fig．3－3A，　B）．　The　comblnat輌on　of　lemon　oll　and　busplrone　had
atendency　to　enhance　an　increase　in　the　percentage　of　entries　into　open　arms，　however　it　was
not　potentiative（F（2，22）＝3．151；P＝0．0658）．
　　　　WAY　100，635　showed　a　tendency　to　decrease　the　percentage　of　entrles　and　the　tlme
spent　on　the　open　arms　with　aU　doses，　however　there　were　no　significant　differences（F（3，
28）＝0．7462；P＝0．5352and　F（3，28）＝1．853；P＝0．1718）．　The　combination　of　lemon　oil　and
WAY　100，635　did　not　show　any　potentiatlve　e飽cts．
　　　　DOI（F（2，22）＝0．720；P＝05010）and　mianserin（F（2，22）＝2．710；P＝0．0951）did　not　have
apparent　e旋cts　i杣e　percentage　of　e泊es　into　open　a㎜s　in　the　EPM．　DOI　and　mianserln
showed　a　tendency　to　increase　time　spent　on　the　open　a㎜；howeveτ，　there　were　no　slg頑cant
dlffbr斑ces　f畑m　the　control　group（F（2，22）＝0．1446；P＝0．8668　and　F（2，22）＝0．0706；
P＝0．9321）．
　　　　The　immobility　duratlon　m　the　FST　did　not　reduce　fbllowing　a　treatment　with　not　DOI
nor　mianserin（F輌g．3－4）．　The　comblnation　of　lemon　o輌l　and　DOI（0．3　mg／kg）or　mianserin（1．O
mg／kg）significantly　erased　the　lemon　e£民ct．
　　　　Fluoxet量ne，　a　SSRI，　caused　a　signi丘cant輌ncrease輌n　both　percentage　of　entr輌es（F（2，
22）＝9．257；P＝0．0016）and　time　spent　on　the　open　a㎜s（F（2，22）＝12．10；P＝0．0004）（晦3－5A，
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B）．However，　the　lemon　oil　did　not　e㎡lance　the　a磁一stress　e£民ct　of　fluoxetine，　In　contrast，
lm輌pram輌ne，　a　tricyclic　antldepressant　and　a　5－HT　and　NA　uptake　inhibitor，　showed　a
significant　increase　in　percentage　of　enthes　into　open　arms　in　the　EPM（F（2，22）＝5．282；
P＝0．0164）．Moreover，　there　were　no　sign近cant　diffbrences　between　lemon　oil　alone　and　the
combinat輌on　ofimipramine　and　lemon　oi1．
　　　　Interest輌ngly，　busp元rone（F（2，22）＝9．209；P＝0．0028），　DOI（F（2，22）＝36．46；P＜0．0001），
and　mianserine（F（2，22）；49．16；P＜0．0001）blocked　the　antldepressant　e£民ct　of　lemon　oil　in
the　FST　（Fig．3－4），　but　WAY　100，635　d輌d　not（F（2，22）＝0．610；P＝0．5563）．　In　addition，
imipramine　had　an　apparent　antidepressant　effect　at　a　dose　of　50　mg／kg（F（2，22）＝6．908；
P＝0．0082），and　fluoxetine　did　Ilot　show　any　antidepressant　effect　at　the　dosages　we　used　in
this　study（30r　10mg／kg）（F（2，22）＝0．8449；P＝0．4504），　even　though　fhuoxetine　blocked　the
antidepressant　ef允ct　of　lemon　oil（F（2，22）＝9．636；P＝0．0020）（Fig．3－6）．
3．Role　of　DA　receptor　under　lemon　oH　vapor　inhalation　on　GH　mice
　　　　Apomorphlne，　a　nonselective　DA　receptor　agonist，　and　haloperidol，　a　D2，　D3，　D4　receptor
antagonist，　were　used　to　estlmate　the　role　of　DA　receptor輌n　the　lemon　oil－induced　anti－stress
reactlon．
　　　　Apomoq）hine　showed　an　anti－stress　ef允ct　ln　both　the　percentage　of　entries　into　open
arms（F（2，22）＝4．393；P＝0．0302）and　the　time　spent　on　the　open　a㎜s（F（2，22）＝0．5170；
P＝0．6090）in　the　EPM（Fig．3－7A，　B）．　These　effbcts　of　apomo甲h輌ne　were　erased　by　treatm斑t
with　lemon　oil（F（2，22）＝6．665；P＝0．0073）．　In　contrast，　lemon　oil　did　not　affbct　the
haroperidoLtreated　mice（F（2，22）＝2．063；P＝0．1595）．
　　　　The　highest　dose　of　apomorphine（3．O　mg／kg）sig磁icantly　reduced　the　immobllity
duration　ln　the　FST（F（2，22）＝3．811；P＝0．0443）（Fig．3－8）．　Moreover，　the　combination　of
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lemon　oil　and　apomorphlne（0．5　mg／kg）or　haloperldol（05　mg／kg）did　not　show　any
significant　effect　in　the　FST．
4．Role　ofα2　adrenergic　receptor　witMemon　oil　vapor　i曲a霊ation　on　GH　mice
　　　　Clonidine，　a　selectlveα2　adrenergic　receptor　agonist，　and　yohimbine，　a　selectlveα2
adr斑ergic　receptor　antagonist，　were　used　to　estimate　the　role　ofα2　adrenergic　receptor　in　the
lelnon　oi1－induced　anti＿stress　reaction．
　　　　Ybhimb輌ne　showed　a　significant　increase　ln　the　percentage　of　entries　into　open　a㎜s
EPM（F（2，22）＝5．363；P＝0．0175）and　the　time　spent　on　the　open　arms　in　the　EPM（F（2，
22）＝5．120；P＝0．0202），although　clonidine　had　no　effect（F輌g．3－9A，　B），　The　combination　of
lem皿oil　and　clonidine　or　yohimb輌ne　d輌d　not　show　any　alteration　on　the　effbct　of　lemon　oil
alone．
　　　　Alow　dose　of　clonidine（0．05　mg／kg）or　yohlmblne（1．5　mg／kg）blocked　the
antidepressant　effect　of　lemon　oihn　the　FST（F（2，22）＝7．096；P＝0．0083　and　F（2，22）＝11．29；
P＝0．0014）（F輌g．3－10）．
DISCUSSION　ANI）CONCLUSION
　　　　　　The　present　study　showed　that　lemon　oil　vapor　enhanced　entr輌es　into　the　open　arm　in
the　EPM　under　pretreatment　with　busplrone，　a　5－HTIA　receptor　agonist．　Lemon　oil　had　a
similar　effect　mder　the　pretreatment　with　haloperidol，　a　D2，　D3，　D4　receptor　antagonist．　In
addition，　fhmazen輌1，　a　BZP　receptor　antagonist，　blocked　the　anti－stress　effbct　of　lemon　oil．
These　results　suggest　that　lemon　oil　vapor　possibly　modulates　the　response　to　the　5－HTnergic，
DAnergic，　and　GABA－BZP　receptor　systems．
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　　　　　　In　the　FST，　the　progesterone　GABAA－modulatory　metabolite　5α一pregnan－3α一〇1－20－one
（allopregnanolone）is　released　and　rap輌dly　metabolized　after　an　acute　stress　session［55］・
Briolles－Aranda　eτα乙［56］reported　that　elther　fbrced　swimming　or　a　high　dose　of
allopregnanolone　can　block　the　anxiolytic　eff＞ct　of　dlazepam　　In　the　present　study，
diazepam　had　the　anti－stress　effbct，　and　flumazenil　caused　a　stress允l　reaction　in　the　EPM．
On　the　other　hand，　neither　diazepam　nor　flumazenil　showed　an　antidepressant　effect　in　the
FST，　and　in　fact　these　two　drugs　blocked　the　antidepressant　effbct　of　lemorl　oil　in　the　FST．
Briones－ArandaθταZ［56］suggested　that　fbrced　swimming　produces　confbrmational　changes
i疽he　GABA－BZP　complex　that　alter　the　pharmacological　profile　of　BZP　The　results　ofthese
previous　reports　together　with　our　present　results　suggest　that　the　lemon　oil・・induced
antidepressa耐effect　does　not　occur　via　a　d輌rect　GABA－BZP　pathway，　because　lemon　oil
caused　the　antidepressant　effect　even　in　the　fbrced　swlmming　conditi皿that　was　not　sulted　to
the　agonist　to　BZP　receptor
　　　　　　On　the　other　hand，　lemon　oil　vapor　did　not　enhance　the　pharmaceut輌cal　effects　of
antidepressant　drugs　including　fhoxetlne　and　imipramine　in　the　FST，　although　these　drugs
blocked　the　antidepressa斑ef允ct　of　lemon　oil　vapor　Imlpramlne　is　widely　used　as　a
positive　control　in　the　FST．　Interestingly，　imipramine　completely　blocked　the　antldepressant
ef允ct　of　lemon　oi1，　although輌mipramine　showed　a　strong　effbct　when　used　alone．　Exploring
this　reverslble　effbct　of　imipramine　on　the　fhnction　of　lemon　oil　may　give　us　usefal
infb㎜ation　fbr　undersanding　the　mechanism　of　the　antidepressant　ef琵ct　of　lemon　oil．
　　　　　　Aprominent　paτticipation　of　5－HT　in　depression　and　anxiety　is　generally　recognlzed
［57，58］，although　the　complex　of　emotional　states　cannot　be　reduced　to　imbalances　of　a
single　neurotransmitte主In　the　pres斑t　study，　buspirone，　DOI，　and　mianserine　blocked　the
antidepressant　e艶ct　of　lemon　oll　ln　the　FST，　but　WAY　l　OO，635　did　not（Fig．3－3B）．
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　　　　　　In　conclusion，　these　findings　suggest　that　the　antidepressant　e£偽ct　of　lemon　oil　is
closely　related　w輌th　the　5－HTnerg輌c　pathway，　espec輌ally　v輌a　5－HT］A　receptor　However，
fU1すher　invest輌gations　are　necessary　to　clar量fy　the　prec輌se　signal　transduction　induced　by
lemon　oil．
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All　dQ†（コ（コre　Qssessed　by　one－w（コy　ANOVA　wi†h　Tukey’s　mul†iple
comp（】rison†es†．　E†：eth（】nol　inh（コ1（コ†ion、　Le：lemon　oil　v（】por　lnh（】1（】†ion．
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CHAPTER　4
Changes　in　the　contents　of　monoamines　and　their　metabolites
　　in　the　brain　of　mice　fbllowing　lemon　oil　vapor　i曲alation
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INTROI）｛JCTION
　　　　　　DA　plays　an　important　role　in　mediatlng　the　effects　of　isolated　hous輌ng　on　the　social
behavior　of　mice．　Gendr㈱u　eτα乙［40］reported　that　DA　agonists　potentiate　defもnsive
behavior　and／or　social　fear飼ness　in　the　SI　mice．　They　fUrther　suggested　that　D3　and　D2　DA
receptors　differentially　modulate　the　expression　of　social－emotional　react輌vity　Reduction　of
bra輌n　GABAA　receptor　fhnction　in　the　SI　mlce　also　was　reported，　as　evaluated　by　measuring
GABA－evoked　Cr　currents　in　xenopus　oocytes［41］．　As　to　5－HT，　Schiller¢τα乙［42］analyzed
by　in　vitro　autoradiography，　and　they　reported　that　5－HTIA　arld　5－HT2A　receptor　d斑sities輌n
the　brains　of　SI　mice　were　strongly　reduced．　Ago　and　Matsuda¢τα乙［43，44］exam輌ned　the
modulation　of　5－HT，　DA，　and　noradorenaline（］NA）release　by　selective　5－HTIA　receptor
agonists　in　the　cortex　of　SI　mice　by　microdialys輌s．　In　this　study，　the　basal　level　of　extracellular
DA　in　the　fセontal　cortex　was　higher　in　the　SI　mice　than　in　the　GH　rnice．　The　5－HTlA　receptor
agonist，　MKC－242　induced　increases　in　the　cortical　DA　release　was　less　pronounced　in　the　SI
mice　than　the　GH　mice．　These　fmdings　suggest　that　the　socially　isolatlon－induced　dlstress
enhances　the　act輌vity　of　cortical　DAnergic　neurons　and　reduces　the　responses　of　DAnergic
te㎜inals　to　5－HTlA　receptor　stimulation．
　　　　　　On　the　other　hand，　above－mentioned　results　in　Chapter　1－3　suggest　that　the　anx輌01ytic
and　antidepressant　effects　of　lemon　oil　inhalation　might　be　caused　by　a　suppression　of　DA
activity　via　enhanced　5－HTnergic　n斑rons．　Therefbre　it　is　easy　to　thi㎡（that　the　lemon　oil
vapor　il血alation　is　effbctive　to　emotional　disease．
　　　　　　The　pres斑t　experiments　were　addressed　to　clear　the　possible　regulatory　mechan輌sm　of
lemon　oil　vapor　ef允cts．　The　levels　of　plasma　corticosterone　and　the　contellts　of　monoamines
and　thelr　metabolites　in　the　pref士ontal　cortex，　the　hippocampus，　the　striatum　in　mice　were
measured　to　investigate　whether　lemon　oil　vapor　modulate　the　hypothalarnic－pltuitary一
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adrenocortical　cortex（HPA）axis　and　accelerate　the　tumover　or　actlvity　of　monoamines　omぱ
and　the　reason　that　the　chronlc　inhalation　of　lemon　oil　showed　oPPosite　results　in　all
behavioral　tests　ffom　the　ac山e　inhalation　on　the　SI　mice　were　discussed．
MATERIALS　AND　METHODS
1．Aninlals
　　　Refbr　to　Chapter　l　and　2．
2．lnhalation　of　lemon　oil　vapor
　　　Refbr　to　Chapter　1．
3．Assay　of　plasma　Corticosterone
　　　Blood　samples　were　collected　fξom　the　mice　after　three－week　isolated　housing　period　by
heart　puncture．　During　three－week　period，　the　chronic　experiment　group　i泊aled　lemon　oil
vapor　ffom　3　to　6　weeks　of　age，　the　acute　experlment　group　lnhaled　lemon　o目vapor　fbr　90
m輌nbefbre　collected　blood　sample．　These　samples　were　centrifhged　at　1，000　g　at　4°C　fbr　15
min，　the　plasma　separated　fξom　the　red　blood　cells　and　transferred　to　individual　mbes．　Plasma
cort輌costerone　levels　were　detemコmed　by　means　of　a　RIA　kit（Amarsham　Pha㎜acia　Biotech，
UK）．
4．Qua耐ification　of　monoamines　and　their　metabo蹴es　by　HPLC
　　　　In　the　ac山e　experlment，　ninety　minutes　after　mice　were　treated　wlth　the　inhalation　of
lemon　oil，　they　were　decapitated　and　the　whole　brain　of　each　animal　was　removed　and
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immediately　stoぎed　at－80°C　until　monoaminergic　dete㎜ination．
　　　　In　the　chronic　experiment，　three　weeks　after　mice　were　treated　with　the　inhalation　of
lemon　oil　during　the　dark　perlod（22：00－24：00）every　day，　they　were　decapltated　and　the
whole　brain　of　each　animal　was　removed　and云mmediately　stored　at－80°C　until
monoam輌nergic　determination．
　　　　Separation　of　monoamilles　was　per飴㎜ed　according　to　the　procedure　described
previously［59］．　The　samples　were　homogenized　in　l　ml　of　O．1　M　potasslum　perchlorate
contamlng　O．2　mM　sodium　bisul負te　and　O2　mM　EDTA2Na，　and　10　ng　isoproterenol　was
added　to　each　sample　as　an　interna三　standard　to　control　負）r　procedural　losses．　The
homogenates　were　centrif已ged（20，000　x　g，15　m元n　at　O°C），　and　supematants　were　used　fbr
monoamine　dete㎜ination　using　high　perfbrmance　liqu輌d　chromatography　w▲th
electrochem輌cal　detection（HPLC－ECD）．
　　　　Monoamines　NE，　DA　and　5－HT　as　well　as　their　main　metabo旗es，　homovan輌11ic　acid
（HVA），3，4－dihydroxyphenylacetic　acid　（DOPAC）　and　5－hydroxy－3－indoleacetic　acid
（5－HIAA），　were　measured．　Standards　were　run　concurrently，　and　concentrat輌ons　of　un㎞owns
were　determined　by　comparison　to　peak　areas　ofstandards　after　correction　fbr　recovery　of　the
intemal　standard（Fig．4－1）．
5．Statistical　analysis
　　　Re允r　to　Chapter　1．
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RESULTS
1．Changes　in　the　levels　of　plasma　corticosterone　in　tbe　GH　and　SI　mice　that　i曲ale　acute
and　chronic　lemon　oU　vapor
　　　　The　sociahsolation　signi£ica斑1y　increased　the　levels　of　plasma　cort輌costerone　in　mice
（P＜0．05）by　t－test（Fig．4＿2）．　Statist輌cal　analysis　revealed　a　s輌gnificant　decrease輌n　the　levels　by
the　chronic　inhalation　of　both　ethanol　and　lemon　oil（F（2，20）＝6．166；P＝0．0097），　The　chronic
inhalation　of　ethanol　alone（F（2，20）＝4．375；P＝0．0293）and　lemon　oil（F（2，20）＝4．280；
P＝0．0312）s輌gnif玉cantly　reduced　the　levels　compared　to　the　ac磁e　inhalation，　respectively　The
reduction　of　the　levels　of　plasma　corticosterone　by　acute　inhalation　was　slight
2．Changes　in也e　co耐ents　of　Inonoamines劉nd　their　membolites　in　the　brain　fOllowing
lemon　oil　i曲alation　on　GH　Inice
　　　　　　Ethanol　lnhalation　dld　not　have　any　significant　effbct　on　the　NE，　DA，　and　5－HT
contents　and　thoseぎatios　in　the　brain（F輌g．4－3，4－4，4－5）．　The　inhalation　of　lemon　oil　vapor　fbr
180mln　significantly　increased　the　DA　content　in　the　hippocampus（F（3，20）＝4．162，
P＝0．0234）and　the　DOPAC／DA　ratio　in　the　pre丘ontal　cortex（F（3，20）＝3．964，　P＝0。0274）．
Furthe㎜ore，　the　inhalation　of　lemon　oil　vapor　fbr　90－180　min　resulted　in　a　significant
increase　of　5－HT　in　the　preffolltal　co妥tex（F（3，20）＝9．411，　P＝0．008）and　180　min輌nhalation
significantly　increased　the　5－HIAA／5－HT　ratio　in　the　striatum（F（3，20）＝14．72，　P＝0．0001）．　The
5－HT　content　and　the　5－HIAA／5－HT　ratio　in　the　hippocampus　tended　to　be　e曲anced　by
lemon　oil　inhalation　fbr　900r　180　min．
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3・Changes　in　the　contents　of　mo加amines　and　their　metabolites　induced　by　social
isolat輌on　distress　in　mice
　　　　The　sociahsolation　significantly　decreased　the　contents　of　HVA　in　the　preffontal　cortex，
the　hipPocampus，　and　the　striatum（P＜0．01）by　t－test（Fig．4－6）．　In　all　three　regions，　as　the
contents　of　NE　d輌d　not　alter　between　two　groups，　the　HVAZNE　rat輌o　in　the　pref｝ontal　cortex
and　the　hippocampus　slgnifica斑ly　decreased（P＜0．01）by　t－test　and　in　the　striatum　tended　to
decrease　but　not　significantl）たThe　contents　of　DA　s輌gn輌ficantly　declined　in　the　pre丘ontal
cortex（P＜0．05）and　increased　in　the　hippocampus（P＜0．01）by　t－test（Fig．4－7）．　The　synthes輌s
of　5－HT　in　the　pre丘ontal　cortex　was　e㎡lanced（P＜0．01）and　the　contents　of　5－HIAA　in　the
preffontal　cortex　and　the　hippocampus　sig面icantly　lncreased（P＜0．05）by　t－test（Fig．4－8）．
The　5－HT／5－HIAA　ratio　in　the　pre丘ontal　cortex　was　restrained　significantly（P＜0．01）by
t－test．
4．Changes　in　the　concentration　of　monoamines　and也eir　metabolites　in　the　brain　of　SI
mice　fbllowing　acute　and　chronic　i曲alation　of　lemon　oil
　　　　The　acute　ethanol　inhalation（1輌d　not　have　any　signi意cant　alteration輌n　the　bra輌n　regions
except　the　contents　of　DA（F（2，10）＝6．862；P＝0．0224），　and　HVAZNE　（F（2，15）＝4．768；
P＝0．0299）輌nthe　hippocampus（Fig．4－9，4－10）．　Both　of　them　increased　with　chronic　treatment．
The　contents　of　5－HT輌n　the　striatum　significamly　increased（F（2，14）＝5．122；P＝0．0268）
fbllowing　acute　inhalat輌on　of　lemon　oil，　also　showed　a　significant　increase　compared　with
acute　ethanol　inhalat輌on（F（2，15）＝6．126；Pニ0．0147）（Fig．4－11）．　In　the　acute　experiments　on
the　SI　mice，　this　was　all　the　s輌gnificant　alteration．
　　　　Following　chronlc　experiments，　the　contents　of　HVA　s輌gnificantly　increased　in　the
prefセontal　cortex（F（2，13）＝8．446；P＝0．0071）and　the　striatum（F（2，14）＝4．918；P＝0，0298）（data
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not　shown）．　As　the　contents　ofNE　did　not　altered，　the　HVANE　rat輌o　in　the　pref士ontal　cortex
sign輌ficantly　enhanced（F（2，13）＝5．676；P＝0．0225）．　The　contents　of　DA　in　the　hlPPocampus
significantly　decreased　by　both　acute　and　chronic　il血alation　of　lemon　oil（F（2，U）＝12．34；
P＝0，0036），though　even　ethanol　alone　also　reduced　DA　colltents（F（2，10）＝6．862；P＝0．0224）
（Fig．4－10）．　On　the　other　hand，　the　DA　contents　in　the　pre倉ontal　cortex　also　significantly
decreased　（F（2，14）＝4．112；P＝0．0464）．　The　DOPAC／DA　rat輌o　輌n　the　prefromal　cortex
s輌gnificantly　increased　compared　with　both　chronic　ethanol　inhalation（F（2，13）＝4．488；
P＝0．0406）and　acute　lemon　inhalation（F（2，14）＝5．185；P＝0．0259）alld　those　in　the　striatum
also　significantly　increased（F（2，14）＝5．185，　P＝0．0259）．　The　5－HIAA／5－HT　ratio輌n　the
preftontal　cortex　increased　sign輌ficantly　compared　with　the　ac就e　inhalation　of　lemon　oil
（F（2，14）＝4．566；P＝0．036）（Fig．4－11）．
DISCUSSION　AM）CONCLUS10N
　　　HPLC　dete㎜ination　of　monoamines　and　thelr　metabolites　m　the　brain　of　GH　mice
showed　that　the　acute　inhalation　of　lemon　oil　vapor　fbr　90－180　min　s輌gnificantly　accelerated
the　metabollc　turnover　of　DA　in　the　pre品ntal　cortex　and　the　hippocampus，　and　that　of　5－HT
in　the　pref士ontal　cortex　and　the　striatum．　The　metabollc　tumover　of　5－HT　ln　the　hippocampus
also　tended　to　be　enhanced．　Thus　5－HTnergic　activity　in　all　of　thτee　regi皿s　was　enhanced
劔lowing　lnhalatlon　of　lemon　oil．　Furthemlore，　the　inhalation　of　lemon　oil　signi丘cantly
accelerated　the　DA　synthesis　ln　the　h云ppocampus．
　　　It　has　been　repo貫ed　that　DA　and　5－HT銑rs　no㎜ally　compete品r　striatal　target　sites
during　Postnatal　development，　and　DA　might　tonicaUy　supPress　the　release　of　neurotrophic
飽ctors　that　promote　5－HT　axon　growth［60］．　Akhough　the　preclse　modula6ng　mechanisms　of
lemon　oil　fbr　the　5－HT　and　DA　neurons　are　still　un㎞own，　the　hypotheses　that　activated
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5－HTnerg輌c　neurons　supPress　the　DAnergic　neurons　under　the　lemon　o輌l　inhalatlon　condition
is　thought・Furthe㎜ore，　Renard百α乙［61］have　reported　that　DA　conc斑tration　in　the　whole
brain　of　mice　increased丘oln　the　fifth　minute　of　the　FST　and　retumed　to　the　basal　level　after
20mln．　DOPAC　concentration　lncreased　after　a　20－min　test　period．　On　the　other　hand，5－HT
concentrat輌on　increased　after　an　8－min　test　period．　NE　was　not　modified　during　the　FST．
This　report　suggests　that　DA　activity　ls　more　rapidly　induced　by　a　higher　stressor　l輌ke　the　FST
than　by　a　mild　stressor　Interestingly，　lemon　oil　vapor祖duced　anti－stress　ef琵cts　under　both
mild　and　higher　stressors　in　my　s白dy　Cons輌dering　that，　it　could　be　sa輌d　that　lemon　oil　may
enhance　5－HT　activity　at　first，　and　then　5－HTnergic　neurons　modulate　the　DAnergic　system．
　　　While，　some　reports　have　shown　that　5－HT　has　a　stlmulatory　ef琵ct　ln　hyperlocomotion．
For　example，　systemic　administration　of　5－HT2　receptor　antagonists　prevented　hyperactivity，
whereas　intrastriatal　i句ection　of　5－HT2A／2c　agonists　increased　locomotion［62］．　In　contrast，
nonselective　5－HT　receptor　agonists　or　5－HT　transporter　inhib輌tors　possibly　reduced
hyperactivity輌n　neonatally　DA－depleted　rats［63，64］．　These　reports　suggest　that　5－HT　acts　as
an　inhibitory　locomotor輌n　the　DA－depleted　model．　In　the　pres斑t　study，　lemon　oil　inhalation
輌ncreased　5－HT　content輌n　the　pre倉ontal　cortex．　This　result　rnay　be　related　to　the　idea　that
locomotion　is　no㎜a簸y　under　DAnergic　control　and　to　a　previous　observation　showing　that
partial　5－HT．depletion　did　nぱaf允ct　spontaneous　locomotion［65］．　Haloperidol　pretreatment，
however，　enhanced　the　ar≧x輌01ytic　effect　of　lemon　oil　vapor　It　is，　therefbre，　possible　that　the
ephanced　5－HTnerglc　system　inhibits　stress飢behavior　under　the　lemon　oil輌nhalation
without　DA　activity　It　is　also　wel1㎞own　that　5－HT　can　exert　both　stimulatory　and
inhibitory　ef允cts　on　psychological　behaviors，　probably　depending　on　complex　interactions
with　other　neurotransmitters　systems．
　　　In　the　SI　mice，　the　HVA／NE　ratios　in　the　preffontal　cortex　and　the　hippocampus　were
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significantly　lower　than　those　ln　the　GH　mice．　This　result　suggested　that　the　SI　mice
supPressed　the　metabolic　tumover　ofNE　and　attenuated　the　NEnerg輌c　act輌vit）㌧In　contrast，　the
DA　content　in　the　hipPocampus　and　the　5－HT　colltent　in　the　pref壬ontal　cortex　slgnificantly
increased，　and　the　DA　contellt　iMhe　pre丘ontal　co柱ex　significantly　decreased．
　　　On　the　other　hand，　the　Ievels輌n　plasma　corticosterone　were　enhanced　by　soclal　isolatlon．
Jacobsonετα乙deduced　that　the　hippocampus　inhibits　most　aspects　of　HPA　activity［66］．　In
consideration　of　this　point，　socia1輌solat輌on－induced　distress　must　modulate　DAnergic　neurons
in　the　hippocampus．　The　synthesis　of　5－HT　in　the　pref士ontal　co牡ex　was　suggested　to　enhance
and　exceed　the　capacity　to　metabolize　5－HT．　These　findings　suggested　that　the　SI　mice　were
not　near　so　much　a　depression　as　a　schizophren輌a，　considering　the　results　of　the　SI　mice　in　the
FST　were　similar　to　that　of　GH　mice　and　the　anti－immobility　ef允ct　of　antidepressant
medicines　may　be　mediated　by　facil輌tating　central　dopamlne　neurotransmission［67］．　Besides
amphetamine　is　widely㎞own　to　reduce　the　immobility　duration　in　the　FST　and　to　cause
hyperactivity，　and　then　amphetamlne　is　no㎜ally　thought　to　act　by　increasing　dopamine
concentrations　輌n　the　brai主L　On　the　other　hand，　under　a　schizophrenia，　it　is　sa輌d　that　the
turnover　of　monoam輌nes　ln　the　f㌃ontal　lobe　and　the　activity　of　n輌grostriatal　DA　pathway
diminish　while　the　activity　of　the　mesolimblc　pathway　enhance［68］．　Lapiz　e紘1　also［39］
concluded　that　isolatlon一輌nduced　behavioral　changes　seemed　to　parallel　to　a　certain　degree
those　seen　in　human　schizophrenia．
　　　Acute▲nhalation　of　lemon　oil　recovered出e　changes　of　DA　content　in　the　pref士ontal　cortex
and　the　hlppocampus　by　social　isolation　distress　and　enhanced　the　5－HT　content　ln　the
striatum．　This　alteratlon　of　DA　contents　in　the　hippocampus　oll　the　SI　mice　ls　opposite　to
those　on　the　GH　mice．　Acute　inhalation　of　lemon　o輌hlight　normalize　the　DA　content輌n　the
hlppocampus．　On　the　other　hand，　the　alterations　of　5－HT　c皿tents　in　the　SI　mice　that諭haled
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acute　lemon　oil　were　not　observed，　except　l砿he　striatum，　whlle　the　synthesis　of　5－HT　were
observed　in　the　preftontal　cortex　and　the　h輌PPoca】mpus　of　the　GH　m輌ce．
　　　On　the　other　hand，　fbllowing　chronic　lnhalation　of　lemon　oil　on　the　SI　m輌ce，　the　metabolic
tumover　of　NE　in　the　pref｝ontal　cortex，　those　of　DA　ln　all　of　three　regions，　and　that　of　5－HT
in　the　pref士ontal　cortex　were　accelerated．　To　take　the　contents　of　monoamines　and　their
metabolites　in　the　preffontal　cortex　lnto　consideration，　the　results　suggest　that　chronic
inhalation　of　lemon　oil　enhanced　the　metabohc　tumover　and　activity　of　monoamines，
especially　NE　III　the　prefyontal　cortex．　The　excess　DA　synthesis　in　the　hlppocampus　was
suppressed　and　the　DAnergic　activity　in　the　striatum　was　enhanced　by　chronic　lnhalation　of
lemon　oiL　The　alteration　of　5－HT　actlvity　was　not　observed　such　as　acute　inhalat輌on　of　lemon
oil　on　the　GH　mice．　Thus　chronic　inhalation　must　fail　to　activate　5－HTnergic　neurons　and　lt　is
assumed　that　the　ma磁estat輌ons　of　anxlolytic　and　antidepressant　effbcts　need　to　actlvate
5－HTnergic　neurons．　This五nding　may　be　the　cause　that　the　behavioral　tests　on　chronic
inhalation　were　rathαpoor　as　compared　with　those　on　a斑te　i曲alat輌on．　Even　so，　chronic
inhalation　may　re（luce　distress　because　of　the　result　of　the　plasma　corticosterone　levels　and
the　alteratlon　of　the　contents　of　monoamlnes　ill　the　brain　regions，　especially　the　recover　ofthe
DA　content　in　the　hippocampus．
　　　In　conclusion，　lemon　oil　possibly　reduces　distress　by　modulating　GABAnergic，
5－HTnergic，　and　DAneτgic　systems　in　the　brain　of　the　GH　and　SI　mice．　This　effbct　m輌ght　be
caused　by　a　suppression　of　DA　activity　via　enhanced　5－HTnergic　neurons　under　the　lemon　oil
inhalation　condition．
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　　　　　　　　　　　　　　　　　CHAPTER　5
The　effect　of　dermal　application　of　Iavender　oil　on　24－bour
　　　　　　　　　　autonomic　nerve　activity　in　dogs
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INTRODUCTION
　　　Essential　oils　such　as　valerian，　lavender，　or　Gemlan　chamomile　have　been　said　to　possess
sedative，　anxiolytic，　and　hypnot輌c　eff＞cts．　Lavender　oil　is　one　of　the　most　popular　essential　oils
fbr　human　inhaling．　Several　stud輌es　of　both　humans　and　laboratory　anlmals，　i．e．，　rats　and　mice，
have　demonstrated　that　lavender　oil　acts　as　a　central　nervous　system（CNS）depressant　wlth
effective　sedative　properties，　thus　improvlng　sleep　qual輌ty［1，69－73］．　However，　sim輌lar
investigations　in　dogs　are　limlted，　because　the　quantificat輌on　of　either　emotional　and　mood
modulations　or　neurotransmitters　such　as　monoamines　in　the　dog　brain　are　difficult．　It　would
be　nearly　ilnposs輌ble　to　get　the　experimental　data　in　dogs　as　already　stated　in　Chapter　L4，　the
evaluat輌on　of　anxiolytic，　antidepressant，　and　anti－stress　effbcts　on　essential　oil．　On　the　other
h・・d・th・ugh　th・・e・・醜w・v輌d・nce…d・1im・・d…eab・磁th・d・t・．t・di・ectly　d・t・㎜i・・
how　to　clinlcal　use　of　essential　oil　in　dogs（dose，　adm輌nistratlon　t輌me，　precautlons，　toxicity　alld
safbty，　the　result　of　skin　sensltization　tests，　etc．），　lavender　oil　sometimes　has　been　used　as　a
practlcal　altemative　treatment　fbr　hyperexciting　dogs，　some　veterlnarians　have　used　lavender
oil　extrapolating　the　data　in　humans　as輌t　is　now．　However，　the　absoq）tion　and　metabolic
capacity　of　chemicals　and　their　mechanisms輌n　dogs　dif琵r　ftom　those　of　humans，　and　the
baselines　of　a磁onomic　nerve　act輌v輌ty　in　the　dog　are　also　dlfferent．　As　some　chemicals
innocuous　to　humans　m輌ght　cause　a　severe　side　effect　in　dogs，　the　extrapolat輌ng輌s　dangerous．
　　　This　chapter　was　des輌gned　to　assess　the　relaxing　efficacy　of　lavender　o輌1（Lαvαη血1α
αηgμ吻01元α）“quantitatively”ln　dogs　vla　de㎜al　application．　We　thought　it　was　able　to
evaluate　in　dogs　a　relaxing　e£民ct　of　lavender　oil　by　analysing　the　autonomic　nervous　system
activ輌ties　of　the　dogs輌n　successioΣL　Lemon　and　citrus　oil　have　been　said　to　cause　poison▲ng　in
dogs，　that　addictlve　components　are　limonene　and　linaloo1，　and　as　a　sedative　ef允ct，1avender
would　suq）ass　m　lemon，　then　we　used　Iavender　in　dogs．　From　the　results　and　the　other
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hteratures，　we　assessed　the　propenies　of　the　lavender　oil　ln　making　dogs　more　relaxed，
MATERIALS　AM）METHODS
1．Animals
　　　Five　healthy　ma▲e　Beagles（3　L4土8．8　months　old，13．17圭1．4　kg）were　used．　These　dogs
were　confirmed　to　be　healthy　based　on　the　results　of　physical　exammations，　complete　blood
counts　and　semm　chemistry　analyses．　The　dogs　were　fbr　laboratory　use，　housed　in　indivldua玉
sta輌nless　steel　cages（570（W）×570（D）×700（H）mm）under　controlled　tempera血re　and
entry　to　the　room　was　unlimited（8：00－19：00）．　L輌ghts　were　mmed　on　at　7：00　and　tumed　off　at
19：00dail）乙The　dogs　were　givell　fbod　and　took　light　exerc輌se　outs輌de　the　cages　fbr　about　30
mln，　during　which　time　the　cages　were　cleaned．　The　lnslde　of　the　cage『were　cleaned　twice
daily　at　approximately　8：00　and　17：00．　Water　was　givenαゴ1元ろ〃z〃η．　The　use　of　these　animals，
as　well　as　the　procedures　perfb㎜ed，　was　approved　by　the　Anlmal　Research　Committee　at
Tottori　University
2．Holter　ECG　recording　and　colnputer　analysis
　　　ADIglta田olter　recorder（QR2100，　Fukuda　ME　Kogyo，　Tokyo，　Japan）was　used　to　record
electrocardiograms（ECG）of　the　dogs．　The　dogs’fUr　was　shaved　in　the　chest　reg輌on，　where
adhesive　electrodes　were　attached　and　coどmected　on　2　cha㎜［els　with　M．X　lead　and　L．R　lead
（A－Blead）methods　to　the　Holter　recorder［74］．　This　appliance　was　held　in　a　side　pocket　of　a
Holter　jacket（Fukuda　ME　Kogyo，　Tokyo，　Japan）worn　by　the　dogs．　All　dogs　had　previously
been　made　famihar　with　wearing　the　jacket　with　apPliances　to　eliminate　any　fhght　of　the　test，
and　any　influence　on　the　results．
　　　The　recorded　ECG　data　was　averaged　fbr　5－min　periods　by　us輌ng　an　ECG　analyzlng
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system（HS1000Y　Fukuda　ME　Kogyo，　Tokyo，　Japan）・Spectral　indices　of　the　hean　rate（HR）
variability　were　computed．　The　high－fセequency　（HF）power輌s　cons輌dered　to　reflect
modulation　solely　of　parasympathetic　tone　by　breathing，　whereas　the　low一丘equ斑cy／
high－f士equency　ratio（LF／HF）is　considered　as　an　lndex　ofthe　cardiac　sympathovagal　balance
［75］．These　vabes　were　calculated，　to　evaluate　the　fUnctioning　of　the　autonomic　nervous
system　Frequencies　rarlging　fξom　O．01　to　O．10　Hz　were　regarded　as　LF，　and　those　ranging
丘om　O．10to　O．60　Hz　were　regarded　as　HF　The　HR　variab輌1ity，　HF　power，　and　LF／HF　ratio　are
well㎞own　to　be　use劔parameters品r　evaluation　of　the　ef飴ct　of　var沁us　drugs　such　as
blocking　or　act輌vating　the　autonomic　nervous　system　as　reported　by　Matsunaga　e沈乙［76］．
3．Essential　oil
　　　The　lavender　o輌1（country　of　origin：USA）was　prov輌ded　by　The　Japan　Animal
Aromatherapy　Association（Chiba，　Japan）．　The　component　analysis　of　the　batch　of　lavender
o輌lused　in　th輌s　study　is　shown　in　Table　5－1，　which　was　dete㎜ined　by　gas　chromatography
and　mass　spectrometry（GC－MS）．　The　speci五c　gravity　and　the　optical　rotation　that　we
dete㎜ined　were　O．883（22／20°C）and－7．824°（20°C），　respectlvely．　We　contracted　out　these
analyses　to　outside　company，　Essential　Oil　University（New　Albany，　IN，　USA）．
　　　AII　dogs　were　g云ven　a　simple　lavender　oil　patch　test　on　the　abdomen　prior　to　the
　exper輌ment．　VたapPlied　a　drop　of　oil　on　the　sk輌n　and　repeatedly　checked　the　sk輌n　fbr　allergic
sensitlvity　reaction　fbr　36　hours．　Following　a　period　of　10－14　days　rest，　the　area　was　again
challenged　with　a　repeated　test．
　　　Durlng　the　experiment，　the　dogs　received　topically　O．18ml　of　the　lavender　oil　ins輌de　the
pinna　of　both　ears（0．36　ml　in　total，　approximately　6　drops），　respectively，　at　8：30，12：00，
15：30，and　l　9：00　per　day　as　the　lavender　treatment（Lav．）．　Apart　ffom　this，　as　a　control
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treatment（Cont．），0．36　ml　of　sal輌ne　was　app1輌ed　to　the　same　anlmals　ln　dlf琵rent　weeks．
　　　In　addition，　we　checked　the　dogs’sk輌n　after　an　apPropr輌ate　successive　apPlicatlon　of　the
lavender　oH　to　dete迦ne　if　there　were　any　de㎜atologic　lesions　caused　by　iπitation　or
SenSlt1Vlty　reaCt10nS．
4・Experime耐a蓋protocol
　　　As　shown　in　Fig．5－1，　all　dogs　were　studied　fbr　three　consecutive　days，　fbllowing　the
placement　of　the　Holter　recorder　and　treatment　wlth　Iavender　oil（Lav．）or　saline（Cont．）．　The
three　consecutive　day　treatm斑t　was　repeated　4　tlmes輌n　each　dog，　in　alternate　shlfts　of
lav斑der　and　saline　treatment　w輌th　an輌nterval　of　3－4　days　between　treatment　sessions．
　　　The　treatment　fbr　three　consecutive　days　was　as　fbllows：one　day　prlor　to　the　day　wh斑
the　record輌ng　ECG　was　started，　the　dogs　were　fitted　w輌th　Holter　recorders　and　the　jackets
were　put　on　fbr　fam輌liarizat輌on　purposes．　On　the　next　day，輌．e．，　Day　1，at　8：00，　ECG　recording
was　started　in　the　dogs，　wh輌ch　were　umestrained　over　the　subsequent　48　hours．　Througho斑
that　period　at　8：30，12：00，15：30，　and　19：00，　the　dogs　were　checked　to　see　that　their　Holter
recorders　were　working　properly　The　small　memory　card　and　battery　in　the　Holter　recorder
were　replaced　with　new　ones，　respectively，　on　Day　2　at　8：00，　as　the　data　capacity　of　one　small
memory　card　permits　recording　of　data　fbr　approx輌mately　24　hours．　On　the　same　day，　the　dogs
rece輌ved　O．36ml　of　the　lavender　oil　or　saline　inside　the　pi㎜a　of　both　ears　4　t輌mes，　at　the　same
tlmes　when　the　Holter　recorders　in　their　pockets　were　checked，　i．e．，8：30，12：00，15：30，　and
19：00．On　Day　3　at　8：00，　the　electrodes，　the　Holter　recorder，　and　the　jacket　were　removed
丘om　the　dogs　and　the　ECG　recording　was　finished．
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5・Statistical　analysis
　　　All　statistical　analysis　was　perfbmled　by　using　JMP　software（ve⊆5・L1・，　SAS　Institute
Japan　Inc・，　Tokyo，　Japan）．　R．－R　lntervals　befbre　and　after　an　artifact　were　excluded　f沁m　the
analysis・The　values　of　HR，　HF　power，　and　LF／HF　ratio　were　expressed　as　l2－segment
mov輌ng－averages　fbr　changes　in　the　means　obtained　at　5－m輌n　intervals・Serial　changes　of　HR．，
HF　power，　and　LF／HF　ratio　fbr　23．5　hours　and　fbr　3．5　ho碇s　after　each　oll　admin輌stration　i．e、，
8：30，12：00，15：30，19：00，and　fbr　9．5　hours　from　22：30　to　8：00　in　the　data　were　assessed　by　a
repeated　measured　MANOVA（multiple　analysis　of　variance）test　P　values　less　than　5％were
regarded　as　significant、
RESULTS
　　　The　serial　changes　of　HR，　HF　power，　and　LF／HF　ratio　had　obvious　rhythmicity　in　the　5
dogs　of　Cont．，　on　both　Day　l　and　Day　2．　Slmllar　data　havlng　a　circadian　rhythm　was　reported
ln　healthy　adult　Beagles　by　Matsunaga　eτα／［76］．
　　　There　were　similar　in　the　serial　changes　of　HR（F（1，18）＝0．093，　P＝0．21），　HF　power，（F（1，
18）＝0．015，P＝0．60），　and　LF／HF　ratio（F（1，18）＝0．003，　P＝0．81）fbr　24　hours　on　Day　1，　as
can　be　seen　in　Fig．5－2　and　Table　5－2　between　Lav　and　Cont．　Comparing　the　diffbr斑ces　in　the
serial　changes　on　Day　2　between　the　Lav　and　Cont．（F▲g．5－3　and　Table　5－2），　we　fbund　that　the
HR　values輌n　the　Lav　declined　sign輌ficanUy　in　the　period　of　19：00－22：30　more　than　that　ln
Cont．（F（1，18）＝0269，　P＝0．04）．　The　HF　power　in　the　Lav　increased　significantly（F（1，18）＝
0293，P＝0．03）in　the　perlod　of　l　5：30－19：00　more　than　that　in　the　Cont．　However，　there　were
no　s輌gnificant　differences　in　the　ser輌al　changes　of　LF／HFぎat輌o　between　the　two　groups（F（茎，18）
＝0．006，P＝0．74）．
　　　In　addition　to　the　above　results，　we　fbund　that　an　apPropriate　successive　apPl輌cat輌on　of　the
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lavender　oll　to　dogs’skln　did　not　cause　any　clinical　de㎜atologic　lesions．
CLINICAL　APPLICATION
　　　Using　results　fセom　described　above，　we　recorded　ECG　on　a　dog　ma輌ntailled　in　a　domestlc
enviro㎜ent　during　cooping　her　u麺ahotel　cage．　She　was　exclted，　wallows，　barking，　and
eats　nothing，　every　time　wh斑she　was　cooped　up　in　a　hotel　cage．　The　experiment　protocol
was　in　much　the　same　way　as　Beagles　described　previously　were　done．　After　she　was　made
familiar　with　a　jacket　and　appliances，　under　the　three　situat輌ons　as　fb110ws，　ECG　was　recorded
fbr　three　consecutive　days：At丘rst　s輌tuation，　she　was　fitted　w輌th　Holter　recorders　and　put　on
the　jackets，　and　ECG　was　recorded　fbr　three　consecutive　days．　In　the　meanwhile，　she　was　at
home，　went　on　with　her　day（‘‘at　homeラ’）．　At　second　situation，　she　was　taken　a　hotel　cage　from
Day　2　at　8：30　and　received　the　saline　treatment（“saline　treatment　in　hote1”）．　At　third　situation，
she　was　in　a　hぱel　cage　ffom　Day　2　at　8：30　and　received　the　lavender　oil　treatm銀t（‘‘1avender
oil　treatment　in　hoter’）．　Treatment　was　conducted　4　times　on　Day　2．　Those　three　consecutive
days　treatment　was　repeated　6　times，　in　altemate　shi負s　of“at　home”，“sa1輌ne　treatment　in
hote1”，　and‘‘1avender　oil　treatment　in　hotelう’with　an　interval　of　3－4　days　between　treatment
seSS1011S．
The　results　were　represented　raw　data，　not　calculated　the　moving　average．　Alhesults　were
assessed　by　paired　t－test．　As　shown　in　Fig．5－4，　during　her　up　in　a　hotel　cage，　the　ser輌al
changes　in　HR　of‘‘saline　treatment　in　hotel”slgnif三cantly　rose　than　those　of‘‘at　home”in　the
per輌od　of　9：00－12：00（P＜0・0001），　and　15：3049：00（P〈0．0001）．　In　the　period　of　12：00」5：30
（P＝0．5831）and　l9：00－22：30　（P＝0．0753），　the　ser輌al　changes　in　HR　of“saline　treatment　in
hotel”tended　to　rise．　In　the　period　of　22：30－08：00，　the　serial　changes　in　HR　of“saline
treatment　in　hotelラ’significantly　declined　than　those　of‘‘at　home”（P＜0．0001）．　The　serial
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changes　in　HF　power　of‘‘saline　treatment　ill　hoter’s輌gnificantly　declined　except　the　period　of
22：30－08：00　　（9：00づ2：00　　P＜0．0001，　12：00－15：30　　P＝0．0008，　15：30－19：00　　P＜0．0001，
19：00－22：30P＝0．0002）．　The　per輌od　of　22：30－08：00，　the　serial　charlges　in　HF　power　of‘‘saline
ぬatment　in　hotel”significamly　rose　than　those　of‘‘at　home”（P＜0．0001）．　The　serial　changes
in　LF／HF　ratio　of‘‘sa口ne　treatm斑t　in　hoter’significantly　increased輌n　the　ent輌re　periods
（9：0042：00P＜0．0001，12：00－15：30　P＜0．0001，15：30－19：00　P＜0。0001，19：00－22：30　P＜0．0001，
22：30－08：00P＜0．0001）．
　　　As　shown　in　F輌g．5－5，　when　she　received　the　lavender　o目treatm銀t　in　a　hotel　cage，　the
serial　charlges　in　HR　of‘‘玉avender　oil　treatment輌n　hotePうsign量ficantly　declined　than　those　of
“saline　treatment　o輌1輌n　hotel”，　in　the　entire　periods　except　the　period　of　9：00づ2：00（P＝0．063）
by　paired　もtest　（12：00づ5：30　P＝α0094，　15：3049：00　P＜0．0001，　19：．00－22：30　P＜0．0001，
22：30－08：00P＝0．0017）．　The　serial　changes　in　LF／HF　ratio　and　HF　power　of‘‘lavender　oil
treatment輌n　hoter’also　significantly　declined　than　those　of“sal輌ne　treatment　oiP’in　the　entire
periods　　by　　pa輌red　　t－test　　（LF／HF　　ratio：　　9：00－12：00　　P＝＝0．0162，　　12：00－15：30
P＝0．Ol38，15：30－19：00　P＜0．0001，19：00－22：30　P＜0．0001，22：30－08：00　P＜0．0001，　HF　power：
9：00－12：00P＝0．0441，12：0045：30　P＜0．0001，15：30－19：00　P＜0．0001，19：00－22：30　P＜0．0001，
22：30－08：00P＝0．0145）．　At　the　day　we　applied　the　lavender　oil　to　her，　she　was　not　excited，
barking，　and　was　resting，　eatmg．
DISCUSSION　AM）CONCLUSION
　　　Dogs　have　been　reported　so　far　to　display　behaviors　suggestive　of　relaxing［77］and
suppressmg　travel－induced　excitement［78］by　exposure　to　lavender　odors．　Our　study　may
become　the　most　compelling　evidence　in　support　of　these　behavioral　f匝dings．　Because　our
study　is　a　report　to‘‘quantifyううphysiologically　the　properties　of　the　whole　lavender　oil加vjvo
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in　dogs　using　Hoker　recorders　to　assess　the　HR　variability．
　　　The　use　of　HR　var輌ability　is　w輌dely　accepted　fbr　the　evaluation　of　cardiac　autonomic
modulat沁n［79，80］、　Frequency－domain　analysis　allows　the　HR　var輌ability　to　be　dlssected　into
its　specific　fセequency　components．　For　example，重he　HF　component　is　synchronous　with
respiratory　sinus　arrhythmla　and　is　mainly　supPorted　by　vagal　activ輌ty［81］，　while　the　LF
component　is　largely　correlated　with　sympathetic　efferent　activ輌ty［81］．　On　the　other　hand，　the
LF／HF　ratio　is　considered　to　m輌rror　sympathovagal　balance　or　to　reflect　sympathetic
modulation［82］．　For　these　evldences，　we　selected倉equency－domain　analysis　due　to　assess
autollomic　modulat輌on．
　　　The　serial　changes　fbr　24　hours　on　Day　l　and　Day　2輌n　the　Cont．　were　similar　in　the　HR，
HF　power，　and　LF／HFぎatio（data　not　shown）．　These　results　indicated　t与at　norle　of　the　dogs
were　exclted，　stressed，　or　strained　by　the　fixing　of　electrodes　or　wearing　a　jacket．1Ωhey　had
been　excited，　these　values　might　have　been　somewhat　different　between　Day　l　and　Day　2
because　of　acclimation　to　the　apParatus　as　time　advanced．
　　　The　HR　variability　and　autonomic　activity　in　dogs　were　observed　as劔lowlng　clrcad輌an
rhythm云n　both　Lav　and　Cont．　The　HR　values　of　La～㌃began　to　decrease　ftom　ev斑ing　and
significantly　decreased　after　the　4th　adm輌nistration　of　the　lavender　oil　in　the　period　of
19：00－22：30more　than　those　of　Cont．　Furthermore，　vagal　act輌vit輌es　during　the　entire　treatment
of　Lav　tended　to　increase（F（茎，18）＝0．194，　P＝0．077）and　signi丘cantly　increased輌n癒e　period
during　15：30－19：00，　which　is　after　the　3rd　administration　of　the　lavender　oil．　That　also　had　a
tendency　to　increase輌n　the　fbllowing　consecut輌ve　per輌ods　of　l　9：00－22：30（F（1，茎8）＝0．221，P＝
0．06）and　22：30－07：00（F（玉，18）＝0．224，　P＝0．06）as　compared　with　that　of　Cont．　As　decrease
of　the　HR　and　enhancing　the　vagal　nervous　activlties　are　assumed　to　cause　calming　and
relaxing　state　by　apPearances　under　behav輌oral　reaction，　these　findings　suggest　that　the
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lavender　oll　via　dermal　app1輌cation　enhanced　vagal　activity，　and　it　may　have　made　dogs　more
relaxed．　Similar　experlments　which　lavender　oil　enhances　vagal　activity　have　already　been
reported輌n　humans［72，83，84］．
　　　NVe　obta輌ned　only　two　s輌gni負cantly　diffもrent　aspects　between　the　Cont　and　Lav　in　our
stud）乙These　results　may　have　been　attrib斑able　to　an　insufacient　number　of　dogs．　However，
the　su句ect　dogs　must　have　almost　the　same　background；sex，　age，翫e　lifb　env輌ronrnent，　and
life　pattem．　If　these　had　differed　the　results　would　have　indicated　larger　deviations　of　the
values，　especially　as　far　as　the　emotion，　mood，　and　behavior　are　concerned．　It　is　truly　very
difficult　to　evaluate　these　parameters．
　　　Other　possib正e　reasons　may　include　that　the　action　of　lavender　o輌l　to　e血ance　the　vagal
activlty　in　dogs　might　not　have　been　strong　enough　in　the　moming　or　daytime、　Argumellts　fbr
the　deficiency　of　lavender　o輌l　effξctiveness　during　the　daytime　can　be　hypothesized　as　fbllows．
One　reason　ls　that　lavender　oil　might　have　suppressed　excess　vagal　activities　and　corrected
the　deficit．　This　suggests　that　lavender　oil　might　be　able　to　regulate　sympathovagal　balance
corresponding　to　sympathovagal　activi巧depend輌11g　on　the　clrcadian　rhythm　The　assumption
resembles　the　report　that　isoflavone，　which　is　a　phytoestrogel1，　metabolites　can　act　as　an
estrogenic　agonist　or　antagonist　depending　on　the　estrogen　concentration［85］．　Interestingly，
Takeuchi¢τα1　reported　that　aged　dogs　showed　increases　in　the　total　amount　of　t輌me　spent　ln
slow　wave　sleep　durlng　the　dayt輌me　fbllowed　by　an　increasing　of　time　spent　in　wakefUlness
during　the　night，　and　the　LF／HF　ratio　showed　a　very　Iow　degree　of　vaτiance　throughout　the
day［86］．　This輌ndicates　that　lavender　oil　m輌ght　be　effbctive　fbr　aged　dogs　suffbring　f士om　a
sleep　disorde£
　　　Another　possible　specifically　considered　is　that　a　cumulative　effect　of　the　lavender　oil
applied　4　times　durlng　the　daytime　might　affbct　the　results』is　inferred　that　the　absorpti皿
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and　metabolism　take　a　few　hours（human［87，88］，　mice［89］），　the　complete　clearance　may
take　a　few　days［24］．　We　assumed　that　the　metabolites　m輌ght　have　remained　in　the　blood　fbr　a
perlod，　and　possibly　reacted　with　the　additlonally　apPlied　olls　at　the　same　time．
　　　All　dogs　rece輌ved　Iavender　oil　mside　the　pinna　of　both　ears，　and　then　two　routes　were
hypothesized　fbr　the　pene仕ation　of　the　oil　components　into　the　body［23，24，25］as　akea（ly
stated　in　PREFACE．　Both　an　indirect　effect　via　the　olfactory　nerve　pathways　and　a　direct
effbct　via　the　blood　to　the　brε1in　are　likely　to　relate　to　the　modulation　of　the　neurotransmitter
production　and　release　into　the　brain．　Several　studies　in　human　and　laboratory　animals，　i．e．，
rats　and　mlce，　have　demonstrated　that　lavender　oil　has　CNS　depressant　activity　with　sedative
effectiveness　in　improvlng　sleep　qual輌ty［1，69－73］．　There　are　fbw　reports　about　the
mechanism，　however　Aoshima　eτα乙co句ectured　f士om加vj施examinatigns　that　the　intake　of
lavender　oil　modulates　the　neuraHransmission　in　the　bra輌n　through　ionotropic　GABA（A）
receptors［23］．　Yamadaετα1　reported　that　the　increase　in　plasma　adrenocorticotropic
ho㎜one　and　decrease　in　adrenaline，　norador斑allne，　and　DA　levels　induced　by　ether
inhalatioll　tended　to　recover　by　the　inhalation　ofムvαη品1α肋1’ηετ∫ゴぷμρeγin　menopausal
model　rats［90L　An　increase　of　vagal　activ輌ties　by　the　administration　of　lavender　oil　in　dogs
was　observed　in　thls　study　This　finding　also　may　relate　to　the　modulation　of　DA　activlties
and／or　GABA　receptor　activities．
　　　In　ad（玉ition，　let　us　point　out　the　concentration　of　essential　oil　apPl輌ed　the　dogs’skin．　NVe
usuaUy　use　the　concentration　of　4％fbr　various　blend　oils　fbr　clinical　use，　according　to　the
safbty　data　published祖asurvey　in　humans　by　Martln　Watt［91，92］，　and　this　concentration
caused　no　problems　such　as　irritation　or　sensitization　in　dogs　in　our　clin輌cal　practice．　However，
we　decided　very　consciously　to　use　und輌1硫ed　lavender　oil　to輌rlvestigate　the　pure　efficacy　of
the　o輌l　without　using　any　base　o輌ls　fbr　di1磁ion．　We　have　been　obtainillg　very　positive　effbcts
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witho磁any　skin　irr髭ation　or　sensitization　problems　since　the　essential　oil　was　gemline　and
high　qua蹴）乙That　sald，　it　rnust　be　avoided　misleading　that　clinicialls　try　to　apPly　undiluted　oil
according　to　this　study．　F斑he㎜ore，　even　if　the　essential　oil　is　genulne，　a　successive
application　fbr　a　week　must　be　prohibited．　We　have　fbund　out　no　report　that　skin　sensitization
test　of　lavender　oil　was　perfb㎜ed　on“dog”until　now」t　is　necessa巧to　directly　dete㎜ine
how　to　clinlcal　use　of　lavender　oll（dose，　adminlstration　t輌me，　precautions，　toxicity　and　safbty，
the　result　of　skin　sensitizat輌on　test　in　dogs，　etc．）with　fhlてher　experlme垣s　and　we　would　like　to
report　that．
　　　In　conclusion，　the　lavender　oil　vla　de㎜al　apPlication　e血anced　vagal　activity，　and　it　may
have　made　dogs　more　relaxed．　This　study　helps　to　verify　the　sedatlve　effbct　of　lav斑der　oil　fbr
dogs　quantitatively．
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Fig．5・2　The　seriol　chonges　of　HR（A），　HF　power（B），　ond　LF／HFrqfio（C）
for　24　hours　on　Dqy　in　5　dogs　receiving　fhe　co耐rol　freo廿menf（open　circles
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Fig．5・3　The　seriol　chonges　of　HR（A），　HF　power（B）、　ond　LF／HFrofio（C）
for　24　hours　on　Dqy　2　in　5　dogs　receiving†he　con廿rol廿reo†men廿（open　circles
qnd　o　grqy　line）ond　lαvender　freo†men廿（solid　circles　qnd　blqckline）．
Do†s　represen†12－segmen†mOving－clverclges　of†he　meons　ob†oined　o†5－min
in†eM】ls．　bpm＝Beo†s　per　minufe．＊P＜0．05　compored†○†he　Con†．
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Fig．5・4　The　seriol　chqnges　of　HR（A）、　HF　power（B），　ond　LF／HF　ro廿io（C）
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Fig．5・5　The　seriol　chonges　of　HR（A），　HF　power（B），　qnd　LF／HFrqfio（C）
for　24　hours　on　Dqy　2　in　q　dog　mqin廿qined　in　o　domesfic　environmenf，
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GENERAL　DISCUSSION
　　　　　　The　present　study　showed　that　the　lnhalation　of　lemon　oil　vapor　caused　sign輌ficam
anxiolytic，　antidepressant，　anti．stress　and　sedat輌ve　e£偽cts　on　both　the　GH　mice　as　the　model
in　normal　and　the　SI　mice　as　the　pathologlcal　model　fbr　emot輌onal　disorders．　These　ef允cts　of
lemoll　oil　might　be　closely　related　with　the　5－HTnergic　pathway，　especia11y　via　5－HTIA
recepto主To　tell　more　explain，　lemon　oil　vapor　would　act　vla　the　suppression　of　DA　activity
related　to　enhanced　5－HTnergic　neurons．
　　　　　　Fu托he㎜ore，　to　get　the　evidence　of　essential　oil　e艶cts　more　suitable　fbr　practlcal　use，
we　carried　out　experiments　using　beagle　dogs．　In　this　experiment，　we　used　not　lemon　oil　but
lavender　o輌1，　since　it　would　be　proper　fbr　the　dogs　to　assess　a　sedatlv『ef允ct　vla　analyzing
autonomic　nerve　activit）乙Lavender　oihs　one　of　the　most　popular　essential　oils　as　having
sedative　properties劔humans．　We　could　veri巧that　de㎜al　application　of　lavender　oll　tended
to　enhance　vagal　activity　f恒m　evening　to　night　time，　ln　partial　perlods　of　time，　slgnificantly
enhanced．　Our　find輌ngs　suggest　that　the　lavender　oil　has　possibilities　to　make　dogs　more
relaxed　and　its　applicat輌on　might　be　a　practical　altemlative　treatment　fbr　hyperexciting　dogs　ln
some　c輌rcumstances．　This　study　helps　to　verify　the　effect　of　lavender　o輌l　fbr　dogs
quantitativel）乙However，　f加her　experiments　are　needed　to　clarify　the　properties　of　lavender
oil　especially　regarding　the　circad輌an　rhythms　of　autornatic　nerve　act輌vit量es　in　animals．
　　　　　　Anxiolytic，　antidepressant，　and　sedative　effects　of　essential　oils　are　very　helpfhl　fbr
psychiatry　and　psychophalmacology，　since　combining　the　medicine　and　essential　oil　can
reduce　the　dose　of　those　medicines　and　essential　oil　may　help　prevent　the　side　effbcts　of　the
anxiolytic　and　antidepressant　medicinesJn　compan輌on　animals　case，　if　only　an　application　of
essential　oil　causes　sufficient　ef琵cts，　the　owners　could　remove　the　burden　of　dosing　the
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domestic　animal　w曲medicine．　If　we，　veterinarians，　could　get　the　strong　evidence　that
lavender　oils　make　dogs　sedat輌ve　and　relaxing，　and　essential　oils　possibly　affect　dog’s
emotion，　we　would　use　the　oils　fbr　dogs　willingly　as　a　med輌cal　attendance，　m　case　a　dog　has
some　behavioral　problems，　namely　aggressiveness，　separation　anxiety　d輌sorder，　travel－lndwed
excitement，　and　sleep　disor（ler　fbr　aged　dogs．
　　　Unfbrtunately，　all　the　results　so　far　contairled　both　our　study　and姐y　other　studies　on
lav斑der　o輌1　are　controversial．　It輌s　necessary　to　directly　detem｝ine　how　to　clin輌cal　use　of
lavender　oll（dose，　administration　time，　preca滋ions，　toxlcity　and　safety，　the　result　of　skin
sensitization　test　in　dogs，　etc．）with　f廿rther　experlments　and　we　would　like　to　repo梵tha毛
　　　In　th輌s　way，　there　has　been　little　evidence　about　the　altemative　therapy　using　essential　oils．
Nonetheless，　ifwe　would　wait　to　do　aromatherapy　until　we　would　get　sUf日cient　evidences，　we
could　not　use　ess斑tial　o輌1　as　a　practical　altemative　treatment　fbr　a　long　tlme．　So　we　advice
veterinarians　to　use　essential　oils　treatment　caref已lly　as　fbllows：（1）Do　not　treat　fbr　cats，
允rrets，　exotic　pets，　small　b輌rds，　reptiles，　amphlblans　with　essential　oils．（2）Use　high　quality
of　essential　oils．（3）Be　sure　to　give　a　simple　essent輌al　oil　patch　test　on　the　abdomen　prior　to
the　applicat輌on．（4）Redwe　the　usage　of　essential　oils　at　a　minimum　f士equenc）㌧（5）Blend輌n
the　essential　oils　used　to　animal　patients　in　lesser　concelltratlon　than　4　percentages．（6）Avoid
long－te㎜successive　application　of　essentlal　oils．（7）avoid　uslng　essential　oils　to　the
individual　during　young　age　and　pregnancy（8）Use　essential　oils　to　aging　lndividuals　with
the　poss輌ble　care．
　　　To　provlde　safety，　high－quality，　and　stable　essential　oils　is　the　most　important．　But　in　fact，
m勾or　components　of　an　essential　oil　can　d輌f允r　greatly　in　quality　ffom　one　batch　to　another　as
lt　is　now．　Although　every　plant　has　its　own　makeup　with　almost　identical　appearance，　there
are　great　diffbrences　even　in　the　same　specles．　The　essential　oils　produced　in　a　plant　vary　in
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chemical　composition，　m司or　components，　and　h斑ce　toxicity　dep斑d輌ng　on　how　and　where
the　plant　grows，　and　depending　on　the　conditions　present　wherl　the　plant　is　harvested［93，94］．
Fu柱he㎜ore，　as　a　consequence　of　the　present　upsurge　in　demandおr　essentlal　oils　due　to　the
boom　in　aromatherapy，　essential　oils　in　the　market　not　lnfセequently　contain　synthetlc　chemical
substances　produced　by　advanced　techniques　and／or　are　adukerated　illegally［93，94］．　Once
neatly　synthesized　impurities　are　mixed輌nto　an　essentlal　oil，　it　is　extremely　difficult　to
d輌stingulsh　genuine　oil　f士om　adulterated　ones．　To　make　matters　more　complicated，　genuine
esse磁al　oils　do　not　always　have　strong　therapeutic　properties．
　　　Nevertheless，　a　caref已l　and　appropr輌ate　use　of　genuine　essential　oils　that　have　sufficient
scientific　safbty　data　is　no㎜ally　fyee　of　compl輌cations，　or　toxic　ef琵cts［91，92，95］．　However
・y・th・tic　ess頭t輌・1・ils　s・m・tim・・ca・・v・n　b・h・・m鳳・・th・・e　c・mp・und・a・e　c・n・輌d・・ed　t・
be　linked　to　an　increase　in　asthma，　allergies，　and　sensitization［91，92，94，95］．Even　a　drop　of
genuine　essential　oil　consists　of　dozens　of　trace　components，　which　may　work　synergistically
or　inhibitorally［93］．　This　is，　if　any　show　sens輌tlzation　poten目al　by　itse仏the　other　pure
components　may　inhibit　such　e£民cts。　This　kind　of　inhibition　is　called“qu斑ching”．　For
example，　ci皿amic　aldehyde，　which　is　a　strong　sensitizer，　when　fbrmulated　wlth　an　equal
weight　of　eugenol（quencher），　prevents　sensitization［96］．　If　someone　added　synthet輌c
chemlcals　in　the　essential　oi1，　the　composition　of　the　oil　would　alter，　and　such　an　exqulsite
balance　provided　by　nature　might　be　destroyed，　and　the　effbct　of“quenching”might　be
dislocated．　Prashar　eτα乙repo仕ed　that　cytotoxicity　of　linalyl　acetate，　which　ls　a　m司or
component　of　lavender　oil，　was　higher　thall　that　of　the　lavender　oihtsel£suggesting
suppress輌on　of　its　activity　by　an　u磁mowll　factor　irl　the　o輌l　in　the輌r　research　of　cytotoxicity　of
the　lavender　oil　and輌ts　m司or　componemts［97］．
　　　Many　studies　on　essential　olls　have　been　perfbrmed　on　oils　w輌th　synthetic　chemicals，　and
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researches　are　apt　to　extrapolate　the　results　obtained　fテom　synthetic　chemicals　and／or　one　of
the　main　components　as　being　the　action　of　the　whole　oil．　We　consider　this　a　very　bad
assumptlon．　We　therefbre　would　like　to　suggest　that　a　componential　analysis　should　be　carried
out　in　eve亡ゾstudy　involving　essent輌al　oils　in　order　to　ver輌fy　the（蔓uality　of　materials　used　in
the　study，　especially　in　studies　assess輌ng　the　whole　essential　oll　efficac）㌧This　might
contribute　to　guaranteeing　that　aromatherapy　research　is　based　on　more　scientific　and
infb㎜ative　evidence　as　regards　essential　olls．
　　　We　have　thought　that　aromatherapy　could　have　basic　evidence　fbr　becoming　a　practlcal
alternative　treatment．
　　　Most　of　part　in　this　study　was　publ輌shed　in　the　articles［98，99］．
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SUM：MARY
　　　　　　Amdolytic，　antidepressant，　and　sedative　effξcts　of　essential　o日s　are　ve］ヴhelpfUl　fbr
psychiat巧and　psychopha㎜acology，　since　combining　the　medicine　and　essential　oil　can　reduce　the
dose　of　those　medicines，　and　essential　oil　may　help　prevent　the　side　effects　of　the　anxiolytic　and
alltidepressant　medicines．　However，　the　evidellces　of　the　e£飴cts　of　each　essential　oil　have　been　few，
and　the　mechanisms　of　tlユe　ef允cts　have　not　yet　been　made　clear　and　seem　to　diffbr　K）r　each　essential
oil．　So　I　exalnined　the　anti－stress（anxiolytic，　antidepressant）and　sedative　action　of　some　essential
oils，　including　lavender，　rose，　and　lemon　oils．　I　obtained　several　evidences　as　fbHows；
　　　　　　1．］Lemon　oil　vapor　fbr　90　min　befbre　the　tests（acute　inhalation）had　the　strongest　anti－stress
effect　in　an　elevated　plus－maze　test（EPM），　a　K）rced　swi㎜ming　test（FST），　and　an　open五eld　test
（OFT）in　group－housed（GH）mice　as　the　modehn　no㎜aL
　　　　　　2．The　acute　inha互ation　of　lelnon　oil　vapor　also　suppressed　the　characteristic　behaviors　such
as　a　tendency　to　aversion　to　the　open　a㎜s　imhe　EPM，　increased　levels　ofthe　locornotor　activity　and
rearing　in　the　OFT　in　sociaHy　isolated（SI）mice．　However，　the　chronic　inhalation　of　lemon　oil　vapor
品r2hours　a　day　during　the　tkee－week　isolation　te㎜in　the　SI　mice　did　not　show　any　sii奨i負cant
effbcts．
　　　　　　3．IfUrther　investigated　a　regu互atory　mechanism　of　lem⑩oil　by　pre－treatments　with　agonists
or　antagonists　to　benzodiazepine，5－HT，　DA，　and　adrenahne　receptors　by　the　EPM　and　the　FST　in
the　acute　inhalati皿．　The　results　suggest　that　the　antidepressant　e飽ct　of　lemon　oil　is　closely　related
with　the　5－HTnergic　pathway．
　　　　　　4．The　level　of　plasma　corticosterone　was　elevated　by　social　isolation．　The　reduction　of　the
level　by　the　acute　inhalation　of　lemon　oil　was　slight．　The　chronic　inhalation　of　botlユethanol　alone
and　le11コon　o｛l　significantly　reduced　the　level，　respectively．
　　　　　　5．Iquantified　the　contents　of　monoamines　and　their　metabolites　in　the　pref㌃o煎al　colてex，　the
hippocampus，　and　the　striatum　of　mice　afセer　inhalation　of　lemon　oiL　The　acute　inhalation　of　lemon
oil　accelerated　the　metabolic　tumover　of　monoamines　in　some　regions　in　both　the　GH　and　the　SI
mice．　In　the　chronic　inhalation　of互emon　oil，　the　metabolic　tumover　of　NE　in　the　pref士ontal　cortex，
those　of　DA　in　all　of　three　regions，　and　that　of　5－HT　in　the　preftontal　cortex　were　accelerated　in　SI
mice．
　　　　　　6．　Icarried　out　the　expe亘1nent　usillg　beagle　dogs　R）r　practica互use．　Electrocardiogram
（ECG）was　recorded　fbr　three　consecutive　days　by｝lolter　recording　system．　Heart　rate（HR）
variabi互ity，　the　high－f士equency（HF）power，　and　the正ow一倉equency／high－f｝equency　ratio（LF／正｛F），
were　calculated　to　evaluate　the　state　of　re▲axation　of　the　dogs　via　straining　of　the　autonomic　nervous
system．　De㎜al　application　of　lavender　oil，　at　8：30，12：00，15：30，　and　19：000n　the　secon（l　day
caused　a　reduction　of　HR　values　in　the　period　of　19：◎0－22：30　and　an　increasing　of　the　HF　power　in
the　period　of　15：30－19：◎0．
　　　　7．In　conclusion，　I　demonstrated　an　anti－stress　ef猛cacy　of　lemon　oil　in　mice　and　relaxing
ef五cacy　of　lavender　oU　in　dogs．　These　mechanisms　might　relate　to　modulating　the　5－HT　and　DA
activities．　I　have　thought　that　aromatherapy　could　have　basic　evidence　fbr　becoming　a　practica正
altematiVe　treatlnent．
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